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Preface

Meningitis and encephalitis continue to be associated with high rates of mortality
and neurological sequelae, and despite the availability of molecular diagnostic tech-
niques, the majority of patients have unknown causes. The differential diagnosis is
broad and includes a wide spectrum of infectious and noninfectious etiologies,
some requiring urgent therapy for survival. Some of the most common challenges
clinicians face include the low sensitivity of meningeal signs, overutilization of
unnecessary screening cranial imaging in suspected meningitis, delays in the diag-
nosis of urgent treatable causes, emerging causes of meningitis and encephalitis,
large proportion of unknown etiologies, low sensitivity of current microbiological
techniques especially in the setting of previous antibiotic therapy, underutilization
of available molecular diagnostic tests, and empiric antibiotic therapy and hospital-
ization for viral meningitis cases. Even though there are published guidelines, com-
pliance with them is not optimal and physicians do not follow standardized
algorithms in their empirical approach.

Due to the high rate of adverse clinical outcomes, prevention when feasible is of
utmost importance. The use of conjugate vaccines for the three most common men-
ingeal pathogens has dramatically changed the current epidemiology of bacterial
meningitis, prenatal screening for Group B streptococcus in pregnancy has decreased
early-onset neonatal meningitis, and vaccination for Japanese encephalitis has had
a dramatic impact in the countries where it has been implemented. Adherence to
protocols to prevent health-care associated meningitis and ventriculitis is effective,
but compliance with them is not uniformly performed.

Finally, this book will serve to guide current and future researchers in the field to
address the gaps in knowledge that currently exist in the diagnosis, management,
and prevention of the most important causes of meningitis and encephalitis in the
world with the ultimate goal to improve the outcomes of these devastating clinical
syndromes.

Houston, TX, USA Rodrigo Hasbun
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Introduction

Rodrigo Hasbun

Meningitis and encephalitis may be caused by various etiologies, including viruses,
bacteria, fungi, protozoa, and helminthes [1, 2]. In addition, numerous noninfec-
tious causes may account for syndromes that mimic central nervous system (CNS)
infections [1-3]. These include autoimmune disorders, neoplastic and paraneoplas-
tic diseases, medications, collagen vascular disorders, and other systemic illnesses.
CNS infections usually present with cerebrospinal fluid (CSF) pleocytosis and high
CSF protein levels due to disruption of the blood brain barrier (BBB) but up to 8%
may present without pleocytosis [4]. Despite the availability of microbiological
tools, serologies and nucleic acid amplification tests such as single or multiplex
polymerase chain reaction (PCR) for the most common infectious agents, the major-
ity of CNS infections currently still remain with an unknown etiology [1, 3, 5].
Meningitis and encephalitis may be associated with significant morbidity and mor-
tality, sometimes requiring emergent neurosurgical interventions or early adjunctive
steroids to improve clinical outcomes [1, 3]. Furthermore, CNS infections may also
have long-term neurological and neurocognitive sequelae that affect quality of life
and activities of daily living. A prompt etiological diagnosis with targeted therapy
can improve or prevent several of these adverse clinical outcomes in those with
urgent treatable etiologies [1].

Meningitis

Patients with meningitis may have an acute (<5 days duration of symptoms),
subacute (6-30 days), or chronic (>30 days) presentation [3], and the clinical mani-
festations may depend on the virulence of the causative agent and the location of the
infection. Patients with acute meningitis usually present with fever, headache, and

R. Hasbun
UT Health-McGovern Medical School, Houston, TX, USA
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stiff neck seeking medical attention within a few hours to several days after the
onset of illness [3]. The presentation may vary, depending on the age of the patient,
the causative agent and due to the presence of various underlying conditions (e.g.,
head trauma, recent neurosurgery, presence of a cerebrospinal fluid [CSF] shunt,
and immunocompromised state) [3, 6]. The most common etiologic agents of acute
meningitis are unknown [3]. When a cause is identified, the most common etiolo-
gies are viruses (most often enteroviruses (children > adults), West Nile virus, and
herpes simplex virus type 2 (adults) but also human immunodeficiency virus [HIV],
varicella-zoster virus, and less likely mumps virus) and bacteria (e.g., Streptococcus
pneumoniae, Neisseria meningitidis, and Listeria monocytogenes) [2, 3]. Less com-
monly, parasites (e.g., Naegleria fowleri and Angiostrongylus cantonensis) may
also cause acute meningitis.

In contrast, patients with subacute or chronic meningitis typically present over
weeks to months or even years [3]. These patients are more likely to be immunosup-
pressed, have abnormal neurological findings, have hypoglycorrhachia, and have a
lower CSF pleocytosis [3]. The most common etiology is idiopathic but fungal men-
ingitis (e.g., Cryptococcus neoformans, Histoplasmosis spp., and Coccidioides
spp.); tuberculosis meningitis, autoimmune disorders, and neurobrucellosis are
important causes [3]. Other fungi such as Candida spp. in neonates or in patients
with ventriculoperitoneal shunts and Aspergillus spp. in immunosuppressed indi-
viduals are unusual causes of meningitis [2, 3].

Encephalitis

Encephalitis is caused by parenchymal brain inflammation that causes neurological
dysfunction [7, 8]. A recent international consortium defined encephalitis with a
combination of major and minor criteria [7]. The major criteria is altered mental
status lasting >24 h without an alternative diagnosis and is a requirement for the
diagnosis. The six minor criteria are (1) documented fever >38 °C (100.4 F) within
72 h before or after presentation, (2) seizures not attributable to a preexisting seizure
disorder, (3) new onset focal neurological disorder, (4) CSF WBC > 5/cubic mm,
(5) new or acute onset neuroimaging abnormalities consistent with encephalitis, and
(6) abnormalities on electroencephalography consistent with encephalitis and not
secondary to other etiologies. The presence of 2 minor criteria indicates possible
encephalitis, and >3 indicates probable or confirmed encephalitis (if etiological
agent is confirmed by brain biopsy, serologies, polymerase chain reaction, or anti-
bodies in autoimmune encephalitis). A clinical overlap between encephalitis and
encephalopathy may exist, the latter referring to a clinical state of altered mental
status that can manifest as confusion, disorientation, or other cognitive impairment,
with or without evidence of brain tissue inflammation; encephalopathy can be trig-
gered by a number of metabolic or toxic conditions but occasionally occurs in
response to certain infectious agents such as Bartonella henselae and influenza
virus [7-9].
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Of all the pathogens reported to cause encephalitis, most are viruses that may be
associated with specific clinical and neuroimaging findings that suggest their diag-
nosis [7, 8]. Unilateral temporal lobe encephalitis is classically caused by herpes
simplex virus (HSV) leading to clinical manifestations characterized by personality
changes, altered mentation, a decreasing level of consciousness, seizures, and focal
neurologic findings (e.g., dysphasia, weakness, and paresthesias) [7, 8]. Bilateral
temporal lobe involvement or lesions outside the temporal lobe, insula, or cingulate
are less likely caused by HSV [10]. Other herpes viruses that cause encephalitis
during any season include varicella-zoster virus, cytomegalovirus, and human her-
pes virus 6 and are usually seen more frequently in immunosuppressed individuals.
Arboviruses (e.g., West Nile, eastern equine, St. Louis, La Crosse, and Japanese
encephalitis viruses) and respiratory viruses can present with thalamic and basal
ganglia encephalitis presenting with tremors including Parkinsonism features [11].
Patients with West Nile typically present between June and October, while respira-
tory viruses usually present in children during the winter season [7, 8]. HIV can
present with an encephalitis in AIDS patient without antiretroviral therapy or can
present as a CD8 encephalitis in those with immune reconstitution while on antiret-
roviral therapy [12]. Rabies virus unfortunately is still a frequent cause of encepha-
litis in Asia (India especially) and in Africa [8]. Enteroviruses are rare causes of
encephalitis [7, 8].

Nonviral causes of encephalitis include Mycobacterium tuberculosis, L. monocy-
togenes, Rickettsia, Ehrlichia spp., Bartonella spp., Mycoplasma pneumoniae, and
Toxoplasma gondii (more often seen in transplant patients with Toxoplasma enceph-
alitis) [7, 8]. Several free-living amebae (i.e., Naegleria fowleri, Acanthamoeba
spp., and Balamuthia mandrillaris) may cause a fatal meningoencephalitis during
the summer [7, 8]. Other epidemiologic clues that may be helpful in directing the
investigation for an etiologic agent in patients with encephalitis include geographic
locale, prevalence of disease in the local community, travel history, recreational
activities, occupational exposure, insect contact, animal contact, vaccination his-
tory, and immune status of the patient [7, 8]. In many cases of encephalitis (32—
75%), the etiology remains unknown, however, despite extensive diagnostic testing
[7, 8]. In addition, it is important to distinguish between infectious encephalitis and
autoimmune encephalitis (antibody mediated or postinfectious or postimmuniza-
tion) acute disseminated encephalomyelitis (ADEM). These latter syndromes are
presumed to be mediated by an immunologic response to an antecedent antigenic
stimulus provided by the infecting microorganism or immunization [7, 8]. Anti-N-
methyl-D-aspartate receptor (NMDAR) encephalitis [13, 14] is the most common
cause of antibody-associated encephalitis and is typically seen in young females
with an associated ovarian teratoma. Anti-NMDAR encephalitis has now been asso-
ciated with both herpes simplex virus and varicella-zoster infections [15].

This book reviews the different diagnostic and management challenges that cli-
nicians still face for the most common causes and for some of the emerging etiolo-
gies of meningitis and encephalitis in the world. The overall goal of this book is to
review the current knowledge and research gaps with hopes to guide future investi-
gators to improve the diagnosis, therapy, and outcomes for CNS infections.
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Community-Acquired Acute Bacterial 2
Meningitis

Martin Glimaker

Etiology and Epidemiology

Streptococcus pneumoniae, Neisseria meningitidis, and Haemophilus influenzae
have been the dominating bacteria for many years [1-4]. During the last decades,
the incidence of bacterial meningitis has decreased from 2-4/100,000 to
1-2/100,000 in children after implementation of vaccines against Haemophilus
influenza type B, Streptococcus pneumonia, and Neisseria meningitidis [3, 5, 6].
Haemophilus influenzae has almost disappeared among children, and the number of
children with pneumococcal meningitis has also decreased [7]. In adults, where
pneumococci is the most common meningeal pathogen, the incidence is relatively
stable about 2/100,000 inhabitants. In neonates, up to an age of 4—6 weeks, group B
streptococci (Streptococcus agalactiae), Escherichia coli, other enterobacteriacae,
and Listeria monocytogenes dominate as etiological agents [8, 9]. Listeria monocy-
togenes may also cause blood stream infection and meningitis in the elderly and/or
immunocompromised individuals [10, 11]. Alpha-hemolytic streptococci may be
the etiological agent in a few percent of meningitis cases, especially if the infectious
focus is present in the sinus, teeth, or heart valve, whereas beta-hemolytic strepto-
cocci are more seldom the etiological agent [12]. Patients with Staphylococcus
aureus endocarditis or spondylodiscitis sometimes also suffer from meningitis [13].
Resistant gram-negative bacteria such as Pseudomonas aeruginosa, extended spec-
trum beta-lactamase (ESBL)-producing bacteria, or Acinetobacter baumannii are
very seldom found in acute community-acquired bacterial meningitis [4]. The dom-
inating etiologies in different patient categories are summarized in Table 2.1.
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Pathophysiology

Colonization of the upper respiratory tract with Streptococcus pneumoniae,
Neisseria meningitidis, and Haemophilus influenzae is often found in healthy chil-
dren. The reason why most children do not develop invasive disease whereas a few
suffer a fulminant disease with meningitis is not yet well known. Meningitis cases
often experience prodromal symptoms from the respiratory tract, such as otitis,
sinusitis, pharyngitis, or pneumonia [4]. To cause meningitis the bacteria must break
the mucosal barrier of the respiratory tract to invade the blood stream, resulting in a
bacteremia, and then the bacteria also have to cross the blood-brain or blood-
cerebrospinal fluid barrier [14]. A bacterial spread from a continuous source such as
otitis, mastoiditis, or sinusitis may also occur. Once inside the central nervous sys-
tem (CNS), the bacteria may grow rapidly because of a relative lack of immune
system. Impaired mental status, neonatal or high age, comorbidity with immuno-
compromised state, non-meningococcal etiology, and fulminant disease are reported
risk factors for poor outcome.

Acute bacterial meningitis is associated with increased intracranial pressure,
which may cause a reduced cerebral blood flow resulting in ischemia or infarction,
and also brain herniation [15-21]. The pathophysiological mechanisms resulting in
increased intracranial pressure are multifactorial [22, 23]. The release of bacterial
components in the subarachnoid space leads to an inflammatory response with a
cytokine burst that contributes to (1) increased permeability of the blood-brain bar-
rier causing cerebral extracellular edema, (2) impaired cerebrospinal fluid absorp-
tion with increased cerebrospinal fluid volume, (3) a cytotoxic intracellular brain
edema, and (4) increased cerebral blood flow (hyperaemia) with microvascular
leakage increasing the extracellular edema. All these events are adding to elevated
intracranial pressure. Complications to acute bacterial meningitis are vasculitis,
ventriculitis, subdural empyema, and brain abscess. The most important systemic
complication is septic shock with multiorgan failure and disseminated intravascular
coagulation, which may occur especially in meningococcal disease, a condition
with very high mortality.

Clinical Picture

Acute bacterial meningitis is a fulminant condition, and the patients may deteriorate
rapidly before or shortly after admission. The typical symptoms are fever, headache,
neck stiffness, and impaired mental status. Two of these four symptoms are present
in 90-95% of cases, whereas all these symptoms occur in only 30-40% [4]. Hence,
the clinical picture is atypical in the majority. The patients often suffer from nausea
and vomiting, and photophobia and hypersensitivity to sound is common. Positive
Kernig’s and Brudzinsky’s signs may be noticed, but the sensitivity of these signs is
low. Prodromal symptoms are often signs of respiratory tract infection, such as
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earache, rhinorrhea, and/or cough in pneumococcal meningitis or sore throat in
meningococcal disease. In meningococcal cases a petechial rash is often present
which may be associated with severe sepsis and septic shock with multiorgan fail-
ure. In the elderly the typical symptoms are often more absent making the diagnosis
more difficult to set on clinical grounds [10]. Convulsions, as new-onset seizures,
occur in about 10-15%, especially in children, and focal neurologic deficit, usually
cranial nerve palsy, is observed in about 5% of patients with acute bacterial menin-
gitis. Some patients present with psychomotor anxiety, which can be severe indicat-
ing high intracranial pressure and a risk for rapid deterioration into coma and
cerebral herniation. Signs of herniation are coma combined with rigid dilated pupils,
abnormal breathing pattern, increasing blood pressure combined with bradycardia,
opisthotonus, or loss of all reactions.

A characteristic feature in acute bacterial meningitis is the rapid but gradual
progression of cerebral symptoms over hours resulting in that the patients usually
call on hospital care within 12-24 h [4]. This is in contrast to the clinical picture in
patients with cerebral mass lesion, such as brain abscess, where the cerebral symp-
toms usually develop more slowly over several days and the patients apply hospital
care after about a week of cerebral symptoms [24, 25]. The clinical findings are also
different in subarachnoid bleeding where severe headache usually appears momen-
tarily in seconds (“thunder headache”) and in stroke where neurologic deficit pres-
ents suddenly. The most common differential diagnosis is viral meningitis with
similar symptoms such as fever, headache, and neck stiffness, but in patients with
viral meningitis, the mental status is usually not affected, and the duration of symp-
toms is usually longer compared to bacterial meningitis [26]. In viral encephalitis,
especially herpes simplex encephalitis, the patients initially often present with
severe confusion, disorientation, and/or dysphasia but often with relatively normal
level of consciousness in contrast to bacterial meningitis where the level of con-
sciousness is often decreased early in the course of disease.

In infants fever and impaired mental status indicate that acute bacterial meningi-
tis should be suspected, but the clinical findings are often more obscured with irri-
tability, lethargy, or weakness as the only initial symptoms [27]. Bulging fontanelle
may be observed, whereas neck stiffness usually is absent. Some infants present
with seizures as the only symptom, whereas others may present with temperature
and color changes of the skin indicating impaired circulation associated with severe
sepsis and septic shock.

Initial Diagnostic Management

Blood cultures, routine chemical and hematological analyses, and arterial blood gas
with analysis of lactate should be taken immediately on admission.

Lumbar puncture and cerebrospinal fluid analyses are the mainstay in diagnosing
acute bacterial meningitis because it is the only method that can confirm or refute
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the diagnosis [28-30]. A highly plausible diagnosis may be set “bedside” within
minutes if the cerebrospinal fluid is cloudy and the spinal opening pressure is clearly
elevated (>300 mmH,0). The diagnosis may appear obvious within 1-2 h after
cerebrospinal fluid analyses of leukocyte count (>500-1000 x 10°/L with polynu-
clear predominance), glucose (cerebrospinal fluid/serum ratio <0.4), lactate level
(>4-5 nmol/L), and/or protein level (>1 g/L). Furthermore, bacteria may be dis-
closed by direct microscopy and antigen detection in cerebrospinal fluid within a
few hours. The final diagnosis is set by culture and/or polymerase chain reaction
(PCR) on cerebrospinal fluid and/or blood within 1-3 days. Recently developed
polymerase chain reaction (PCR) assays may disclose the diagnosis in less than
1 day from admission [31, 32]. The culture enables susceptibility testing of antibi-
otic resistance that makes it possible to adjust the antibiotic treatment.

A prompt lumbar puncture is the key to early diagnosis and adequate treatment.
However, performing prompt lumbar puncture or computerized tomography (CT)-
preceded lumbar puncture is a controversial issue. Some authorities recommended
that, in certain situations with suspected increased intracranial pressure and/or cerebral
mass lesion, such as brain abscess, the clinician should refrain from prompt lumbar
puncture and instead first perform a CT of the brain, since it is argued that lumbar
puncture may increase the risk of brain herniation [28-30]. However, firm evidence for
a causal link between lumbar puncture and herniation is lacking, and the natural course
of acute bacterial meningitis or a mass lesion/brain abscess may itself result in hernia-
tion [33-36]. Furthermore, it is shown that cerebral CT is poor at predicting the risk of
herniation in acute bacterial meningitis [37-39] and that CT scan seldom contributes
with valuable information in cases with suspected bacterial meningitis [40]. The impor-
tance of early antibiotic treatment is emphasized in all guidelines, and there is a strong
recommendation that whenever lumbar puncture is delayed, e.g., due to neuroimaging,
empiric antibiotics must be started immediately on clinical suspicion, even if the diag-
nosis has not been established [28-30]. Yet, antibiotics are started before neuroimaging
in only 30-50% of the patients where lumbar puncture is done after the CT scan [1, 41,
42]. Thus, in clinical practice, adequate antibiotics are usually started at first when
lumbar puncture has been performed and neuroimaging before lumbar puncture is
associated with delayed adequate treatment and increased risk of mortality and unfa-
vorable outcome [1, 42-44]. This evidently negative effect of performing CT before
lumbar puncture outweighs the hypothetical risks with prompt lumbar puncture [34].
Guidelines differ as to when to perform neuroimaging before lumbar puncture in
patients with suspected bacterial meningitis. There is consensus that CT should pre-
cede lumbar puncture if a mass lesion is more probable than meningitis, i.e., in cases
with focal neurological deficit other than cranial nerve palsy and/or if long duration
(>4 days) of cerebral symptoms is noticed. Some guidelines also recommend neuroim-
aging before lumbar puncture in cases with impaired mental status, new-onset seizures,
immunocompromised state, or papilledema [28-30]. However, these findings may be
present in acute bacterial meningitis as well as in cases with mass lesion, and adequate
funduscopy is difficult to perform in the emergency room [28].
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In adults, especially the elderly, acute bacterial meningitis is often one of many
differential diagnoses at the emergency department and should be suspected in
many cases. Patients with acute bacterial meningitis often need early treatment at an
intensive care unit and some should be administered intracranial pressure-targeted
therapy at a neuro-intensive care unit (see below) [21]. A highly plausible diagnosis
of acute bacterial meningitis, accomplished only by lumbar puncture, is usually
required to reach the decision to administer these advanced management modalities
early after admission. The problem with delayed treatment due to neuroimaging
before lumbar puncture is less pronounced in children because pediatricians usually
start empiric treatment for bacterial meningitis on clinical grounds even without
lumbar puncture and cerebrospinal fluid analyses [27]. Thus, prompt lumbar punc-
ture is not as important in children as in adults. However, a rapid and firm diagnosis
is desirable in severe cases also in children indicating early administration of corti-
costeroids, intensive care, and intracranial pressure-targeted treatment.

There are also difficulties associated with antibiotic treatment that is not delayed
but started before cranial CT and lumbar puncture. One problem is the increased
risk of cerebrospinal fluid sterilization resulting in negative culture results [45, 46],
which make further secondary antibiotic choices more difficult and hinder decisions
regarding length of treatment. Although blood cultures taken before treatment can
help to identify the causal agent, positive blood cultures are noted in only 50-70%
of ABM cases [1, 4]. Another problem with postponed lumbar puncture is the risk
of delaying and further complicating differential diagnostics, i.e., for viral meningi-
tis, herpes simplex encephalitis, tuberculosis meningitis, and various noninfectious
cerebral conditions. This issue is of particular interest in adults, where differential
diagnoses are more complex and symptoms less clear as compared with children
beyond the neonatal period.

Delayed Lumbar Puncture

Lumbar puncture should not delay treatment with more than about 15 min. If tech-
nical problem with lumbar puncture, i.e., if the patient suffers from psychomotor
anxiety and cannot lie still, adequate treatment for bacterial meningitis should be
started immediately and then the patient should be transferred rapidly to the inten-
sive care unit for sedation before lumbar puncture is performed. In cases with ongo-
ing seizures, these must be treated and have subsided before lumbar puncture is
performed.

In cases with primary suspicion of cerebral mass lesion, lumbar puncture should
be delayed until after cerebral CT (see above and Fig. 2.1).

Lumbar puncture should not be performed promptly in cases with known bleed-
ing abnormalities such as hemophilia and treatment with warfarin or direct oral
anticoagulants (DOAC). In these cases lumbar puncture can be performed when the
coagulation disorder is corrected to a level of INR <1.6 and a platelet count of
>30 x 10°/L [34]. In patients on treatment with clopidogrel, lumbar puncture can be
performed initially only if no signs of bleeding problems, such as mucosal bleeding
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Fig. 2.1 Algorithm for diagnostic and treatment management on admission in patients with sus-
pected community-acquired acute bacterial meningitis. CSF cerebrospinal fluid

from the nose, gastrointestinal or urogenital tract, or during teeth brushing, have
been noticed. Patients on low molecular weight heparin can undergo lumbar punc-
ture after 12 h (if prophylactic dose) or 24 h (if therapeutic dose) from the latest
dose [28]. Lumbar puncture can be performed promptly in patients on acetylsali-
cylic acid or nonsteroid anti-inflammatory drugs (NSAID). Affected coagulation
system associated with sepsis has not been linked with any severe risks with lumbar
puncture. Thus, coagulation analyses are not required routinely before lumbar punc-
ture in septic patients. Signs of infection at the site for spinal tap are a contraindica-
tion for lumbar puncture.

Performing Lumbar Puncture

The lumbar puncture should be performed with the patient lying horizontally on side
with the back bended maximally. Funduscopy is not mandatory before lumbar punc-
ture but should be performed if suspicion of increased intracranial pressure of long
duration. The space between spinal processes L;—L, or L,~L; should be penetrated
using a spinal tap needle with a diameter of 0.7 or 0.9 mm or with a 22 gauge needle.
The opening pressure is analyzed by using a 500 mm long plastic tube that is
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connected to the spinal needle directly when the cerebrospinal fluid appears in the
needle. At minimum three sterile sample tubes in clear glass or plastic should be filled
with about 1 mL of cerebrospinal fluid. Cerebrospinal fluid should be observed visu-
ally immediately to determine if it is cloudy or clear. The first tube should be sent to
the microbiology laboratory for culture, the second stored in a fridge for virus analy-
ses if needed, and the third should be sent immediately to the chemistry laboratory for
acute analyses of cell count and levels of glucose, lactate, and protein/albumin.

In aggregate, prompt lumbar puncture should be performed liberally if acute
bacterial meningitis is suspected and impaired mental status, new-onset seizures,
immunocompromised state, or papilledema should not be considered indications for
neuroimaging before lumbar puncture [1]. Figure 2.1 shows a recommended algo-
rithm for diagnostic and treatment management on admission in patients with sus-
pected community-acquired acute bacterial meningitis. In patients with high
suspicion of acute bacterial meningitis, corticosteroids and antibiotics in meningitis
dosages should be started regardless of cerebrospinal fluid analyses. In these cases
lumbar puncture should be performed just before the start of antibiotic treatment
and a sequence of corticosteroids — lumbar puncture — antibiotics is proposed.

Management in the Emergency Room

The patient should be placed in a 30° sitting position in order to decrease the ele-
vated intracranial pressure [21]. Oxygen and slowly infused crystalloid solution
should be administered. A urine catheter should be placed. Patients must be con-
tinuously observed regarding mental status with Glasgow Coma Scale (GCS) or
Reaction Level Scale (RLS), circulation, urine production, and respiration. A spe-
cialist in intensive care should be contacted for early referral to intensive care unit
in cases with severely impaired mental status (Glasgow Coma Scale < 12/Reaction
Level Scale > 2), if deterioration of mental status is noticed, if seizures have
occurred, if the spinal opening pressure is very high (>400 mmH,0), or if septic
shock is diagnosed. In septic patients arterial lactate should be reanalyzed within
3-6 h. Adequate antibiotics and corticosteroids (when indicated) should be started
within 1 h from admission to hospital. Prehospital antibiotic treatment should be
given if acute bacterial meningitis is highly suspected in primary care, and the refer-
ral time to hospital is estimated to be more than 1 h [28]. Cefotaxime, ceftriaxone,
or penicillin G in meningitis dosages intravenously is appropriate (see below).

Empiric Antibiotic Treatment

Initial empiric antibiotic treatment should cover the vast majority of possible bacte-
ria that may cause acute bacterial meningitis. The drug should be bactericidal and
have a good penetration of the blood-cerebrospinal fluid barrier. Since the epidemi-
ology and the bacterial resistance pattern vary between different countries and over
time, the recommendations must be flexible and should be updated continuously.
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In bacterial meningitis high doses of antibiotics should be administered intrave-
nously during the entire course of treatment because the blood-cerebrospinal fluid
barrier improves after a few days of treatment, and therefore the penetration into
CNS is gradually decreasing.

Several older studies of ampicillin, chloramphenicol, and cefuroxime have
shown good effect but are of little value today because the susceptibility pattern has
changed over time and several case reports of treatment failures with these antibiot-
ics have been presented [47]. During recent year third-generation cephalosporins
has been the mainstay in treatment of community-acquired acute bacterial meningi-
tis [7, 28-30]. Relevant randomized clinical trials (RCTs) are presented in Table 2.2
[48-58]. Two studies have shown delayed sterilization of cerebrospinal fluid with
cefuroxime compared with ceftriaxone [48, 52]. Results from experimental studies
in rabbit correspond well with treatment results in humans. Animal studies have,
thus, been used for development and evaluation of new antibiotic strategies [47].
The bactericidal concentrations achieved in cerebrospinal fluid have been higher for
cefotaxime and ceftriaxone compared with cefuroxime. Implementation of empiric
treatment with cefotaxime, ceftriaxone with or without ampicillin, and meropenem
is based on a few randomized clinical trials with relatively small number of patients,
and most studies are performed in children, whereas few studies have included
adults (Table 2.2). Relevant randomized clinical trial of treatment of neonatal bacte-
rial meningitis is lacking. An increasing clinical experience of, especially, cefotax-
ime and ceftriaxone alone or in combination with ampicillin has indicated that these
antibiotics are safe and have good effect in acute bacterial meningitis.

No randomized studies have been done on treatment of resistant pneumococci,
meningococci with reduced susceptibility, Listeria monocytogenes, or other uncom-
mon bacteria such as streptococci, staphylococci, or enterobacteriacae. In these
conditions the recommendations are based on case series and case reports supported
by animal studies. The incidence of Streptococcus pneumoniae resistant to cephalo-
sporins has increased in some countries, whereas a very low incidence remains in
many other countries.

Meropenem has showed similar effect in vitro as cefotaxime and ceftriaxone
against Streptococcus pneumoniae, Neisseria meningitidis, and Haemophilus influ-
enzae including strains of pneumococci and meningococci with reduced suscepti-
bility to penicillin. Most gram-negatives, including Pseudomonas aeruginosa, and
Listeria monocytogenes are in vitro sensitive to meropenem, but the clinical experi-
ence of this treatment is limited [59]. Streptococcus pneumoniae that is resistant to
cephalosporins is usually also resistant to meropenem. Vancomycin has good effect
against cephalosporin resistant pneumococci and other resistant gram-positive bac-
teria, but a drawback with this drug is that the penetration of the blood-cerebrospinal
fluid barrier is not as good as for cephalosporins and many other antibiotics, espe-
cially during corticosteroid treatment. Linezolid is also effective against resistant
gram-positives including cephalosporin resistant pneumococci [60]. Since the bio-
availability and penetration into CNS is good, linezolid is an alternative to vanco-
mycin, but the antibacterial action is bacteriostatic rather than bactericidal, and the
clinical efficacy is not as well documented as for vancomycin.
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There is limited experience on treatment with cefepime as an alternative; besides
better activity against enterobacteriacae, no advantage compared with cefotaxime or
ceftriaxone has been observed [54]. The new quinolones, levofloxacin, and moxi-
floxacin have broad activity against most meningitis-associated bacteria (pneumo-
cocci, meningococci, listeria monocytogenes and Haemophilus influenzae), and since
they are lipophilic, they penetrate the blood-cerebrospinal fluid barrier well irrespec-
tive of barrier damage [58]. A randomized clinical trial has showed similar effect of
trovafloxacin as ceftriaxone in children but trovafloxacin has been withdrawn due to
liver toxicity. Levofloxacin and moxifloxacin are interesting alternatives in the empiric
treatment of acute bacterial meningitis, and experimental studies indicate a synergistic
action between these drugs and beta-lactam antibiotics including meropenem [61].
Moxifloxacin is recommended in favor of levofloxacin in acute bacterial meningitis
due to better effect on Streptococcus pneumoniae. However, the clinical experience of
quinolones is limited, and they should be considered second-line choice, such as in
cases with allergy to penicillin and/or cephalosporins. The quinolones are often active
against cephalosporin resistant pneumococci, but the antibacterial activity is not as
effective as for vancomycin or linezolid. Experimental animal studies have indicated
that treatment with rifampicin is associated with less inflammatory response [62], and
one clinical study has showed decreased mortality in pneumococcal meningitis when
rifampicin was added to cephalosporin treatment [63]. However, further studies are
needed before a general recommendation can be stated.

In aggregate, cefotaxime or ceftriaxone + ampicillin must be regarded first-line
empiric treatment for community-acquired acute bacterial meningitis (Table 2.1).
Ampicillin should be added if Listeria monocytogenes can be suspected as in the
newborns, in the elderly (>50 years of age), and in immunocompromised state. In
cases where uncertainty whether the patient is immunocompromised or not, ampi-
cillin should be added to the cephalosporin. Although less documented, monother-
apy with meropenem is an acceptable alternative to cefotaxime or ceftriaxone with
or without ampicillin, and meropenem is indicated in patients allergic to penicillin
if listeriosis must be covered. Most international guidelines recommend addition of
vancomycin to cover resistant pneumococci [7, 28-30]. Local epidemiological sur-
veillance of resistance pattern is important, and the recommendations should vary
depending on the actual local incidence of pneumococcal resistance to penicillin G
and cephalosporins. If the incidence of cephalosporin resistance exceeds, 1% addi-
tion of vancomycin is justified. In cases with cephalosporin/meropenem allergy, a
combination of moxifloxacin and vancomycin/linezolid is recommended with addi-
tion of trimethoprim-sulfamethoxazole if listeriosis is suspected. The recommenda-
tions in different age groups are summarized in Table 2.1.

Targeted Antibiotic Treatment

The antibiotic treatment for acute bacterial meningitis should be considered in three
steps. The first step is to start empiric antibiotics as stated above which should be done
within 1 h from admission. The second step is to adjust initial treatment according to
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early microbiological tests on cerebrospinal fluid such as microscopy, antigen detec-
tion, or polymerase chain reaction (PCR) results. If Streptococcus pneumoniae or
Haemophilus influenzae is detected, monotherapy with cefotaxime or ceftriaxone is
continued unless the S. pneumonia-cephalosporin resistance rate exceeds 1% in the
country. If meningococci are detected, the regimen can be changed to monotherapy
with penicillin G (benzylpenicillin). The third step is to determine the final antibiotic
regimen after culture and susceptibility testing of cerebrospinal fluid and/or blood. The
minimum inhibitory concentration (MIC) should be analyzed routinely by a disk diffu-
sion method for penicillin G, ampicillin, cephalosporins, and meropenem. If penicillin-
resistant pneumococci are noticed, further MIC-testing for vancomycin, moxifloxacin,
rifampicin, and linezolid should also be analyzed. Table 2.3 summarizes the recom-
mended treatment choices according to final diagnoses and susceptibility testing and
shows proposed duration of treatment. See clinical breakpoints at https://clsi.org/blog/
clsi-publishes-revised-ast-breakpoints-document/ or www.eucast.org/clinical_break-
points/. Table 2.4 shows recommended dosages of relevant antibiotics.

Corticosteroid Treatment

Administration of the first doses of antibiotics causes bacterial lysis that is associ-
ated with release of bacterial components and endotoxins and secondary to this a
massive burst of cytokines in the subarachnoid space [23]. Thus, the already acti-
vated inflammatory response accelerates further which is associated with added
increase of the intracranial pressure. This inflammatory response may be modified
by corticosteroids, and adjunctive therapy with corticosteroids has been supported
by animal studies showing reduced inflammation in the CNS by dexamethasone
[64]. The role of adjuvant corticosteroids in acute bacterial meningitis has been
controversial. A Cochrane analysis has stated that corticosteroids are indicated in
high-income countries, whereas the positive effect is questioned in low-income
countries [65-70]. A positive effect with decreased mortality and improved long-
term outcome has been shown in pneumococcal meningitis in adults [66], and
decreased sequelae have been observed in Haemophilus influenzae meningitis in
children [71]. In meningococcal meningitis no clearly positive or negative effect has
been noticed, but a trend to positive effect has been reported [66, 72—75]. The only
etiological agent where corticosteroids seem to result in a negative effect is Listeria
monocytogenes [72]. In infants, low-quality data from two randomized controlled
trials (RCTs) suggest that some reduction of mortality and hearing impairment may
result from adding corticosteroids, but the effect is considered still unknown, and
therefore this treatment is not generally recommended [76].

In aggregate, corticosteroids should be administered empirically in all adults and
children over the age of 4-6 weeks with community-acquired acute bacterial men-
ingitis. If direct microscopy of cerebrospinal fluid or if culture or polymerase chain
reaction on blood and/or cerebrospinal fluid disclose Listeria monocytogenes, the
corticosteroid treatment should be stopped. The most studied corticosteroid is dexa-
methasone, which should be administered in a dose of 0.15 mg/kg, maximum
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Table 2.4 Recommended dosages of antibiotics in patients with acute bacterial meningitis and
normal kidney function. In patients with renal failure, reduced dosages is recommended

Antibiotic Total daily dose in children Number of daily doses Dosages in adults
Ceftriaxone 100 mg/kg 1-2 2 g 12-hourly
Cefotaxime 225-300 mg/kg 4-6 3 g 6-hourly
Penicillin G | 300 mg/kg 4-6 3 g 6-hourly
Ampicillin 300 mg/kg 4-6 3 g 6-hourly
Meropenem 120 mg/kg 3 2 g 8-hourly
vancomycin® | 60 mg/kg 2-3 1 g 8-hourly
Moxifloxacin | 6-8 mg/kg 1 400 mg 24-hourly
Linezolid 10 mg/kg 2 600 mg 12-hourly

*Aiming at a serum concentration of about 20 mg/L

10 mg, four times daily. Betamethasone is less studied but has similar anti-
inflammatory effect and good penetration into CNS and seems also to have similar
effect in clinical practice [72]. The adequate dosage of betamethasone is 0.12 mg/kg,
maximum 8 mg, four times daily.

The first dose of corticosteroids should be given shortly before or at the same
time as the first dose of antibiotics. If administration of corticosteroids is missed,
initially it is considered adequate to give corticosteroids up to about 6 h after the
first antibiotic dose but not later [30]. The optimal duration of corticosteroid treat-
ment is not yet determined, but 4 days is most studied and therefore generally rec-
ommended [65]. Two days of treatment has also been shown effective [77], and
especially if the patient improves rapidly, 2 days of corticosteroid treatment is prob-
ably appropriate.

Intracranial Pressure-Targeted Treatment

Despite adequate antibiotics, corticosteroids and intensive care acute bacterial men-
ingitis still remains a challenge for the clinician, and in comatose patient’s mortality
rates of up to 62% have been reported [18, 36, 78, 79]. Impaired mental status is
associated with increased intracranial pressure [4] and cerebral herniation and/or
infarction dominate as cause of mortality and persisting neurologic deficit [15-21].

The standard of care for acute bacterial meningitis if impaired mental status or
other signs of increased intracranial pressure includes intensive care with a 30° sit-
ting position, proper analgesia and sedation, and assisted mechanical ventilation. If a
severe septic syndrome is presented, the management should follow the current rou-
tines for severe sepsis and septic shock. Moderate hyperventilation and osmotherapy
can be considered in a standard intensive care unit without control of intracranial
pressure, but in critical cases targeted, treatment should be considered [80-83].

A neurocritical care approach using intracranial pressure-targeted treatment with
favorable results has been reported in four uncontrolled studies of patients with
acute bacterial meningitis presenting high intracranial pressure and severe impair-
ment of consciousness [15-17, 84]. Promising results have also been reported in a
small cohort study using lumbar drainage [82]. In one nonrandomized controlled
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cohort study of unconscious patients, neuro-intensive care including ventricular
drainage resulted in a mortality of 10% (5/52 patients) compared with 30% (16/53
patients) if conventional intensive care was administered [21].

The following recommendations should be applied in resource-rich settings. In
resource-poor settings, the treatment should be modified according to available
resources. Patients with acute bacterial meningitis and impaired mental status
should be centralized to hospitals where neuro-intensive care is available. In coma-
tose patients with markedly raised spinal opening pressure (>400 mmH,0), intra-
cranial pressure-targeted treatment should be applied as soon as possible after
admission. The diagnosis should be set rapidly by lumbar puncture. After a CT scan
of the brain an external ventricular catheter should be applied in order to measure
the intracranial pressure. Drainage of cerebrospinal fluid through this catheter
should be the main intracranial pressure decreasing therapy. If an external ventricu-
lar drainage catheter cannot be applied due to technical problems or moderate coag-
ulopathy, an intraparenchymatous pressure device should be considered for
intracranial pressure control. The main goals should be intracranial pressure
<20 mmHg and cerebral perfusion pressure >60 mmHg. A microdialysis catheter
may be placed superficially in the brain parenchyma in order to measure the cere-
bral metabolism by analyzing the levels of glucose, lactate, pyruvate, and glycerol
in cerebral interstitial tissue [85].

Besides drainage of cerebrospinal fluid, additional ways of achieving intracranial
pressure control may also be effective. Osmotic therapy with glycerol has been sug-
gested [69], and bolus doses of hypertonic saline aiming at a S-Na level of 150-
160 mmol/L may be effective if neuroimaging shows interstitial cerebral edema.
The use of mannitol for osmotic treatment is controversial because of a potential
risk of rebound increase in intracranial pressure [86]. If cerebral hyperemia is
detected by transcranial Doppler and/or jugular bulb, monitoring hyperventilation
aiming at pCO, 4.0-4.5 kPa should be applied. The body temperature should be
normal, and pyrexia should be treated aggressively with paracetamol and, if neces-
sary, by external cooling of the patient. Induced hypothermia should be avoided
because of increased risk of fatal outcome [87]. In cases with therapy-resistant
increased intracranial pressure, deep sedation with Pentothal may be indicated to
lower the cerebral metabolism. This latter treatment requires continuous EEG reg-
istration and microdialysis analyses. A very aggressive course of bacterial meningi-
tis with fatal outcome within 24—72 h has been observed [36, 88-90]. In these cases
the brain edema may be extremely massive risking development of compressed
ventricles (“slit ventricles’”) when an external ventricular catheter is inserted. A few
case reports suggest that a decompressive craniectomy may be considered early in
the course of disease in such cases [91-93].

Follow-Up

All patients with community-acquired acute bacterial meningitis should be fol-
lowed up for at least 2—6 months to assess hearing, neurologic, and neurocognitive
deficits and to administer vaccination against Streptococcus pneumoniae.
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At discharge the patients should be informed about risks for sequelae and that the
convalescence period can be long but that the long-term prognosis is relatively
good. At least 2—4 weeks of sick leave, or corresponding rest, should be recom-
mended routinely. A cochlear implant should be considered within 2-3 weeks if
severe hearing deficit or deafness is noticed during the hospital stay. Audiometry
should be performed if any clinical signs on impaired hearing ability are noticed. At
the follow-up visit, a possible immune deficiency should be considered and appro-
priate investigations performed accordingly. A neuropsychiatric rehabilitation may
be indicated in cases with persistent fatigue, concentration disability, or other neu-
rologic deficits.

Research Gaps and Future Directions

Community-acquired acute bacterial meningitis still remains a challenge for the
physicians because of a high mortality and risk for persisting neurologic deficits
despite adequate antibiotics, corticosteroids, and intensive care. At least four
research fields can be considered very important for avoiding or improving outcome
in bacterial meningitis: (1) immunization programs, (2) emerging resistant bacteria,
(3) delayed adequate treatment, and (4) adjuvant treatment modalities.

1. Immunization programs: Implementation of vaccines against Haemophilus
influenza type B, Streptococcus pneumonia, and Neisseria meningitides has
decreased the burden of bacterial meningitis in children. The cost-effectiveness
of routine immunization with the new vaccine against meningococci serotype B
should be evaluated. Regarding pneumococci, the long-term effect in children
and the effect in adults of routine vaccination of children are as yet unknown.
The risk of serotype replacement among pneumococci must be considered, and
further studies to elucidate this problem are needed.

2. Emerging resistant bacteria: During recent year multidrug-resistant pneumo-
cocci have emerged in many countries which complicates the treatment
considerably. Development of new antibiotics active against these resistant bac-
teria is vital for improvement of the outcome in bacterial meningitis.

3. Delayed adequate treatment: Far too many cerebral CT scans are performed
before lumbar puncture today which is associated with a considerable treatment
delay and increased mortality. Thus, an unjustified fear of performing prompt
lumbar puncture still exists which is associated with poor outcome in bacterial
meningitis. Further studies, in humans as well as in animals, to elucidate the
potential risks vs. safety with lumbar puncture are desirable.

4. Adjuvant treatment modalities: Further studies to evaluate different methods to
decrease the raised intracranial pressure and improve the cerebral perfusion are
most desirable. Cerebrospinal fluid drainage by a ventricular catheter as well as
lumbar drainage, which can be performed in resource-poor settings, should be
evaluated. Different osmotic therapies and management modulating the inflam-
matory activity in order to decrease the intracranial pressure should be studied.
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Healthcare-Acquired Meningitis 3
and Ventriculitis

Tricia Bravo and Adarsh Bhimraj

Introduction

Healthcare-associated meningitis and ventriculitis encompass infections that occur
after neurosurgery and spine and otorhinological surgeries where there is dural
breach, trauma, and cerebrospinal fluid (CSF) shunt and CSF drain placement and,
rarely, infections that occur after lumbar puncture.

CSF shunts are permanent catheters that connect the proximal end (cerebral ven-
tricle or lumbar subarachnoid space) to the distal end located in the peritoneal cav-
ity, the pleural cavity, or the right atrium of the heart. Ventriculoperitoneal (VP)
shunts are the most common type of shunt. They require fewer revisions, are easier
to implant and revise, and have less serious complications compared to ventricu-
loatrial (VA) shunts, which terminate in the right atrium [1].

CSF drains, on the other hand, are temporary catheters that act as conduits for
external drainage. The proximal end can be located in the cerebral ventricle, the sub-
dural space, an intracranial cyst, or the lumbar subarachnoid space. These drains are
connected to a collecting system, which has a drip chamber, ports for intracranial
pressure monitoring, sampling and injection ports, and a collection bag. An external
ventricular drain, with its proximal end placed in the cerebral ventricle, is used to
relieve increased intracranial pressure from acute hydrocephalus caused by intracra-
nial hemorrhage, neoplasms, or trauma. External lumbar drains, which drain the
lumbar subarachnoid space, are most often used in the management of operative or
post-traumatic CSF leak or in the evaluation of normal pressure hydrocephalus [1].

Both CSF shunts and CSF drains can lead to infection. VP shunt infections can
be superficial, involving the skin and subcutaneous tissue surrounding the proximal
aspect of the shunt, or can be more invasive, involving the cerebral ventricle or the
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peritoneum. CSF drain infections can present as tunnel infections, catheter exit site
infections, or ventriculitis. Post-neurosurgical or post-craniotomy infections, based
on anatomical involvement, can present as superficial wound infections of the skin,
meningitis, empyemas in the epidural or subdural space, parenchymal abscesses,
and osteomyelitis of the bone flap.

Epidemiology

The incidence of CSF shunt infections reported in the literature has a wide range
(4—17%), but in most studies rates are around 10% [1, 2]. Reported ventricular drain
infection rates were also around 10% [3]. In a large meta-analysis of 35 studies
which yielded 752 infections from 66,706 catheter days of observation, the overall
pooled incidence of external ventricular drain-related CSF infection was 11.4 per
1000 catheter days (95% CI 9.3-13.5); for high-quality studies, the incidence was
10.6 per 1000 catheter days (95% CI 8.3—13) [4]. Infection rates due to lumbar
drains are 4.2% [5].

Pathogenesis and Microbiology

The specific causative microorganisms for healthcare-related meningitis or ventricu-
litis depend on the pathogenesis and the timing of the infection after the predisposing
event. During these surgeries, the skull and meninges, which act as natural barriers to
pathogens, are breached, making it possible for microorganisms that colonize the
scalp and skin of the back, or those that live in the healthcare environment, to enter
the subarachnoid space or cerebral ventricles and cause an infection. In patients with
ventriculoperitoneal shunts, another less common route by which organisms enter
the ventricles is spreading up along the catheter after a peritonitis. On the surface of
catheters, these organisms can form biofilms, which are thick sticky polysaccharide
layers making them resistant to antimicrobial action [6, 7]. The organisms that usu-
ally colonize the skin, especially the scalp, are coagulase-negative Staphylococcus,
Staphylococcus aureus, and Cutibacterium acnes, formerly Propionibacterium
acnes. The organisms that can be present in the healthcare environment are
Staphylococcus aureus (both methicillin-resistant and methicillin-susceptible strains)
and gram-negative bacteria like Escherichia coli, Klebsiella, Pseudomonas, and
Acinetobacter species (some of the strains can be multidrug resistant).
Staphylococcal species are the most common organisms causing infections, with
Staphylococcus epidermidis (47-64% of infections) being more common than
Staphylococcus aureus (12-29% of infections) [1, 3, 8]. Gram-negative bacteria
account for 6-20% of the infections [1, 3, 8, 9]. Diphtheroids (especially
Cutibacterium acnes) account for 1-14% of the infection, but the reason for the low
reported rates of C. acnes infection in some studies is probably an inadequate cul-
ture technique. Anaerobic cultures with prolonged incubation are needed to detect
C. acnes, but most microbiology labs only perform aerobic cultures and hold CSF
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cultures for 2-3 days [1-3, 10-12]. Fungi like Candida, though reported in the lit-
erature, are usually rare [13].

Clinical Presentation

The clinical presentation of healthcare-associated ventriculitis has a wide spectrum
from being acute and severe, if caused by virulent organisms like Staphylococcus
aureus or gram-negative bacteria, to more subtle and chronic, if due to less virulent
organisms. Unlike organisms that cause community-acquired bacterial meningitis,
those causing CSF catheter-associated ventriculitis, like coagulase-negative
Staphylococci and C. acnes, are indolent, evoke minimal inflammation, and are usu-
ally pathogenic in the presence of prosthetic material [6, 7]. Often there may be
ventriculitis without meningeal involvement or only mechanical blockage as a result
of biofilm formation in or on the catheter, without significant inflammation [14]. In
CSF shunt infections, fever can be present only in about half the time (52%) [15].
Headaches (31%) and changes in mental status (29%) can be present less than half
the time [15]. Meningismus is rarely found (4%) [15] in these patients, and this is
probably because this is mostly a ventriculitis than a meningitis.

Clinical signs and symptoms are even less reliable in ventricular and lumbar
drain-related ventriculitis as symptoms like change in mental status, fever, or men-
ingismus could be a manifestation of other neurologic diseases like intracranial
hemorrhage or hydrocephalus from other causes. Fever in a patient in the neurocriti-
cal care unit can be due to intracranial hemorrhage, central fever, thrombotic epi-
sodes, and drug fevers [16] in addition to non-CNS infections like bloodstream
infections, hospital-acquired pneumonias, and urinary tract infections.

Blood Tests (WBC Count, C-Reactive Protein, and Procalcitonin)

There are many but suboptimal studies on blood or serum markers like procalcito-
nin, C-reactive protein (CRP), and peripheral white blood cell counts in patients
with healthcare-associated ventriculitis. In a prospective study which recruited con-
secutive patients with ventricular drains, those with proven bacterial ventriculitis
had significantly higher procalcitonin levels (4.7 £ 1.0 vs. 0.2 + 0.01 ng/mL,
p < 0.0001), CRP levels (134 = 29 vs. 51 = 4 mg/L, p = 0.0005), and peripheral
white blood cell counts (16.1 = 1.3 vs. 10.7 £ 0.3 109/L, p = 0.0008) [17]. In
Martinez et al.’s study, a procalcitonin cutoff value of 1.0 ng/mL or more showed a
specificity of 77% and a sensitivity of only 68% for ventriculitis, though it had bet-
ter diagnostic accuracy in community-acquired bacterial meningitis [18]. In another
study in children with suspected CSF shunt infections, the values for serum CRP in
infected individuals were higher than in noninfected ones (91.8 + 70.2 mg/L com-
pared with 16.1 + 28.3 mg/L, p < 0.0001) [19]. Despite the statistically significant
p values in some studies, the confidence intervals for calculated sensitivities, based
on traditional cutoffs, are wide. Though these markers are easy to obtain and are
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often presumed to be sensitive indicators of infections, we need further well-
designed prospective studies to recommend their routine use in ruling out healthcare-
associated ventriculitis, especially in infections with indolent organisms which
cause minimal inflammation.

CSF Cell Count and Chemistry (Glucose, Protein, Lactate,
and Procalcitonin)

The diagnostic accuracy of CSF markers in healthcare-associated ventriculitis has
been evaluated in several studies. Like the blood marker studies, they have design
and methodological limitations. One of the major limitations in interpreting these
studies is the heterogeneous definition of the reference (gold) standard for the diag-
nosis of healthcare-associated ventriculitis. To evaluate the diagnostic utility of CSF
parameters or any other test, an independent comparison to an acceptable reference
standard is required. Often CSF cultures are used as a reference standard in many
studies, but diagnosing ventriculitis by a single positive CSF culture will run the risk
of a false-positive diagnosis due to colonization or contamination. More specific
diagnostic criteria like the presence of multiple CSF cultures with CSF pleocytosis
or hypoglycorrhachia with attributable clinical signs and symptoms (fever, head-
ache, photophobia, neck stiffness, decreased level of consciousness) would be clini-
cally meaningful, but using that as a reference standard to calculate diagnostic
accuracy like sensitivity and specificity would be erroneous as they are part of the
definition of the reference standard and are not statistically independent. There are
studies that applied the existing heterogeneous definitions and criteria for ventricu-
lar drain-related meningitis and ventriculitis to the same cohort of patients. One of
the studies found 16 unique definitions in the published literature. When the defini-
tions were applied to the test cohort, the frequency of infection ranged from 22% to
94% (median 61% with interquartile range (IQR) 56-74%) [20].

In CSF drain-related ventriculitis, the diagnostic utility of CSF WBC count, glu-
cose, and protein is limited, as noninfectious entities like intracranial hemorrhage
and neurosurgical procedures can also cause abnormalities in these parameters.
Schade et al. [21] performed a prospective study in a cohort of 230 consecutive
patients with ventricular drains. Results from analyses of 1516 CSF samples showed
no significant differences between the patients with EVD-related ventriculitis and a
control group without EVD-related meningitis, with regard to CSF leukocyte count,
protein concentration, glucose concentration, and CSF/blood glucose ratio. They
evaluated the predictive and diagnostic value of the CSF parameters. For none of the
routine CSF parameters could they establish a cutoff value with a sensitivity and
specificity of at least 60%. Pfisterer et al. [22] conducted a 3-year prospective study
in patients with ventricular drains. Standard laboratory parameters, such as periph-
eral leukocyte count, CSF glucose, and CSF protein, were not reliable predictors for
incipient ventricular catheter infection. The only parameter that significantly cor-
related with the occurrence of a positive CSF culture was an elevated CSF leukocyte
count (unpaired t test, p < 0.05). In a prospective study, Pfausler et al. [23] looked at
the utility of cell index (CI), which is the ratio of leukocytes to erythrocytes in CSF
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and leukocytes to erythrocytes in peripheral blood, in predicting ventriculitis. The
study was done in patients with intraventricular hemorrhage who had external ven-
tricular drains. Diagnosis of bacterial ventriculitis by CI was possible up to 3 days
prior to “conventional diagnosis” which was described as rise of CSF cell count,
reduction of CSF/serum glucose, or a positive CSF culture. There are few studies
that evaluated the diagnostic utility of CSF lactate in CSF drain-related ventriculitis.
In a prospective study of ventricular drain-related ventriculitis, a CSF lactate cutoff
value of 4 mmol/L had a sensitivity of 86%, specificity of 86%, positive likelihood
ratio of 6.1, and a negative likelihood ratio of 0.16 [24].

There are few studies evaluating the diagnostic accuracy of CSF parameters in
CSF shunt infections. In a retrospective study which compared children with VP
shunt infection (n = 10) to controls (n = 129), a CSF leukocyte count over 100/mm?
had a 96% specificity and 60% sensitivity. The CSF glucose of <40 mg/dL had a
93% specificity and 60% sensitivity. The reference standard (shunt infection) in this
study was defined as “clinical signs and symptoms with a positive CSF culture”
[25]. Often, less virulent organisms like Staphylococcus epidermidis and C. acnes
might not cause significant inflammation, so a lower cutoff for CSF leukocyte count
would have probably increased the sensitivity but that was not addressed in this
study. However, CSF shunt infections can present with no CSF pleocytosis at times.
In a retrospective analysis of CSF shunt infections in adults, the CSF white blood
cell counts and lactate concentrations were normal in approximately 20% of epi-
sodes [14]. The CSF parameter values might significantly differ depending on the
site from which the CSF is obtained. In one study the leukocyte counts were signifi-
cantly higher in CSF obtained by the use of lumbar puncture (median leukocyte
count, 573 x 10(6) cells/L; p = 0.001) and valve puncture (median leukocyte count,
484 x 10(6) cells/L; p = 0.016) than in ventricular CSF (median leukocyte count,
8.5 x 10(6) cells/L) [14]. The site of sampling should be considered when interpret-
ing the values as the CSF pleocytosis from ventricular fluid might not be very high
even in patients with CSF shunt-related ventriculitis.

There are few studies on the diagnostic accuracy of CSF parameters in post-
neurosurgical meningitis and ventriculitis. Often the surgery itself can cause “chemi-
cal meningitis” or postoperative meningitis, particularly posterior fossa surgeries.
The CSF leukocyte and CSF glucose values can look very similar to infectious men-
ingitis, making it hard to distinguish these entities based on these parameters. In one
study only extreme values of CSF leukocyte count >7500/pL (7500 x 10(6)/L) and a
glucose level of <10 mg/dL were able to distinguish post-neurosurgical chemical
meningitis from bacterial meningitis [26]. Another caveat in post-neurosurgical
patients is that the CSF pleocytosis and low CSF glucose might be a result of a bone
flap infection, a subgaleal infection, or a deeper infection in the surgical bed-like
cerebritis or brain abscess. CSF lactates have shown to perform better in post-
neurosurgical meningitis, and CSF procalcitonin have not been well studied. A recent
meta-analysis of five studies evaluating CSF lactate in post-neurosurgical meningitis,
with a total of 404 patients, showed a pooled sensitivity of 0.92 (95% CI 0.85-0.96)
and a pooled specificity of 0.88 (95% CI 0.84-0.92 with significant heterogeneity
[27]. In another retrospective study, patients with post-neurosurgical meningitis
showed significantly elevated levels of CSF procalcitonin and CSF lactate compared
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with the non-meningitis group (p < 0.001 for both). For CSF procalcitonin, a cutoff
value of 0.075 ng/MI had a sensitivity of 68% and specificity of 73%. For CSF lactate
a cutoff value of 3.45 mmol/L had a sensitivity of 90% and specificity of 85% [28].

CSF Microbiology Studies

CSF cultures are traditionally considered the reference standard for the diagnosis of
meningitis and ventriculitis. In the context of community-acquired bacterial menin-
gitis, positive CSF cultures for pathogenic organisms like pneumococcus or menin-
gococcus are highly suggestive of meningitis. In the context of healthcare-associated
meningitis, the common pathogenic organisms like S. epidermidis and C. acnes are
skin colonizers, and the possibility of contamination during specimen collection
should be considered. Unlike organisms that cause acute community-acquired men-
ingitis, those causing healthcare-associated meningitis are slow to grow on cultures
and require anaerobic media. In a study on healthcare-associated ventriculitis and
meningitis, a substantial number of positive CSF specimens grew bacteria after
>3 days, with some requiring as long as 10 days [29].

The site of specimen collection for microbiology studies is also important, par-
ticularly for CSF shunt infections. The site of CSF collection for ventricular cathe-
ter infection is generally ventricular fluid, for LP shunts is lumbar subarachnoid
fluid, and for post-craniotomy infections is either lumbar subarachnoid fluid or
intraoperative ventricular fluid and tissue cultures. For VP shunt infections, the
options are CSF by a lumbar puncture, from a “shunt tap” (percutaneous accessing
of the shunt reservoir underneath the scalp), or rarely intraoperatively during shunt
surgery. In VP shunt infection studies, direct aspiration of the shunt yielded a posi-
tive culture in 91-92%, whereas a lumbar puncture CSF culture was positive in only
around 45-67% [14, 30]. There is a fear of causing a shunt infection by tapping it,
but in a pediatric study with 266 children who underwent 542 shunt taps, there was
no evidence of shunt infections. One patient developed an infection after a tap, but
there was redness over the shunt tract at the time of the tap, so was not sterile [31].

CSF polymerase chain reaction (PCR) can prove useful to detect organisms that
are difficult or slow to grow by culture. In a study that used PCR to detect gram-
positive bacteria in 86 specimens, 42 were culture negative but PCR positive [32].
There were no positive culture results in patients with a negative CSF PCR, suggest-
ing that a negative PCR result is predictive of the absence of infection. More studies
are needed, however, before routine use of PCR can be recommended in this setting.

Diagnostic Approach

Based on the above studies, symptoms, signs, blood tests, and CSF tests have limita-
tions in making the diagnosis of healthcare-associated ventriculitis. There exist
many imperfect diagnostic criteria in the literature, especially as cutoffs for CSF
parameters to distinguish chemical from infectious ventriculitis are arbitrary. The
approach outlined here is based on our clinical experience alone.
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CSF Drain-Related Ventriculitis

Lozier et al. [33] proposed a classification system for ventriculitis with a hierarchy
based on suspected probability of infection. The diagnostic classification proposed
here is a modification of that. In addition to being clinically helpful for deciding
when to use antimicrobials, such classification would hopefully establish standard
criteria for future research and epidemiological purposes. We have used CSF param-
eter criteria (the rate of rise or degree of abnormality of inflammatory markers) with
microbiologic criteria for the following classification:

Contamination: An isolated positive CSF culture or Gram stain, with expected CSF
cell count and glucose with no attributable symptoms or signs

Colonization: Multiple positive CSF cultures or Gram stain, with expected CSF cell
count and glucose with no attributable symptoms or signs

Possible ventriculitis: Progressive rise in cell index or progressive decrease in CSF/
blood glucose ratio or an extreme value for CSF WBC count (>1000/uL) or CSF/
blood glucose ratio (<0.2), with attributable symptoms or signs, but negative
Gram stain and cultures

Probable ventriculitis: CSF WBC count or CSF/blood glucose ratio more abnormal
than expected, but not an extreme value (CSF WBC count > 1000/pL or CSF/
blood glucose ratio < 0.2) and stable (not progressively worsening) with attribut-
able symptoms or signs and positive Gram stain and cultures

Definitive ventriculitis: Progressive rise in cell index or progressive decrease in
CSF/blood glucose ratio or an extreme value for CSF WBC count (>1000/uL) or
CSF/blood glucose ratio (<0.2), with attributable symptoms or signs and a posi-
tive Gram stain and cultures

Contamination and colonization with skin colonizers generally do not need treat-
ment. Antimicrobial treatment of contamination or colonization with virulent organ-
isms is more controversial, but many clinicians might opt to treat positive CSF
cultures for Staphylococcus aureus or gram-negative rods. Antimicrobial treatment
of a possible ventriculitis should also be individualized depending on the circum-
stances, as at times chemical meningitis from subarachnoid hemorrhage or neuro-
surgery could cause extreme CSF pleocytosis or hypoglycorrhachia, which a
clinician might prefer not to treat. On the other instance, it might be classified as a
possible ventriculitis if the CSF cultures are negative due to prior antimicrobial use
or if the organism is slow to grow, when one might chose to treat with antimicrobi-
als. Probable and definitive ventriculitis would be treated with antimicrobials by
most clinicians.

Post-neurosurgical Meningitis
Post-craniotomy meningitis can also be classified as possible, probable, and defini-

tive meningitis using the above criteria as the confounding comorbidities and organ-
ism causing meningitis are similar to CSF drain infections.
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CSF Shunt-Related Ventriculitis

A diagnosis of CSF shunt-related ventriculitis should be considered when the WBC
count (from a shunt tap) is greater than 10/pL. OR CSF/serum glucose ratio < 0.4
with a positive CSF culture and attributable symptoms. The reason for using such a
low cutoff for WBC count is because most often indolent organisms evoke minimal
inflammation, but the decision to treat based on this should be individualized.

Another instance would be when the WBC count and glucose values are normal,
but there are multiple positive CSF cultures (from multiple shunt tap or explanted
proximal shunt components) and attributable symptoms. CSF shunt infections can
present as shunt blockage due to biofilms formed by organism without significant
inflammation.

Approach to Management

Treatment of healthcare-associated ventriculitis is challenging as it is difficult to
achieve high CSF antimicrobial levels with intravenous antimicrobials because of
the blood-CSF barrier, especially when treating organisms like Staphylococcus spp.
and gram-negative rods which tend to have high MICs (minimum inhibitory con-
centrations) for antimicrobials, making it harder to achieve therapeutically effective
levels in the CSF. In addition to that these organisms often form biofilms on the
catheters, which are mucoid layers into which antimicrobials do not penetrate well.
This is especially an issue if the infected catheters are not removed. The below rec-
ommendations are based on limited clinical, pharmacokinetic, and pharmacody-
namic studies.

Intravenous Antimicrobials

The recommendations for intravenous antimicrobials in patients with a normal renal
clearance would be as follows:

Empiric Intravenous Antimicrobial Therapy
If ventriculitis is suspected, first, obtain CSF cultures, and then start empiric treat-
ment with vancomycin (for gram-positive bacteria) as a continuous infusion or
divided doses (2-3) of 60 mg/kg/day after a loading dose of 15 mg/kg with intrave-
nous ceftazidime 2 g/8 h or cefepime 2 g/8 h (for gram-negative bacteria).

In a penicillin-allergic patient, start empiric coverage with intravenous vancomy-
cin (same dose as above) and aztreonam 2 g/6 h.

Organism-Specific Intravenous Antimicrobial Therapy

The following antimicrobials can be started for specific organisms pending on anti-
microbial susceptibilities, but knowledge of the local antibiogram and susceptibili-
ties at each institution should direct therapy.
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MRSA (methicillin-resistant Staphylococcus aureus) and MRSE (methicillin-
resistant Staphylococcus epidermidis) with a vancomycin MIC <1 pg/MI can be
treated with vancomycin (same dose as above). If the catheter is retained, rifampin
300 mg IV q 12 h should be added.

MRSA and MRSE with a vancomycin MIC >1 pg/mL or for patient with vanco-
mycin allergy can be treated with linezolid 600 mg IV or PO q 12 h.

Specific treatment for MSSA (methicillin-susceptible Staphylococcus aureus)
and MSSE (methicillin-susceptible Staphylococcus epidermidis) is nafcillin or oxa-
cillin2 gIV q 4 h.

Specific treatment for Cutibacterium acnes, formerly Propionibacterium acnes,
is penicillin G2 MU IV q 4 h.

Specific treatment for Pseudomonas spp. is ceftazidime 2 g IV q 8 h or cefepime
2 g1V q 8 h or meropenem 2 g IV q 8 h.

Specific treatment for E. coli is ceftriaxone 2 g IV q 12 h or meropenem 2 g IV
q 8 h; use meropenem if there are epidemiological risk factors for prior colonization
or infection with ESBL (extended-spectrum beta-lactamase) producers.

Specific treatment for Enterobacter spp. or Citrobacter spp. is cefepime 2 g IV q
8 h or meropenem 2 g IV q 8 h.

Intraventricular Antimicrobials

Intraventricular or lumbar intrathecal administration of antimicrobials might be
needed when patients do not respond satisfactorily to intravenous treatment or when
organisms have high MICs to antimicrobials that do not penetrate the CSF well.
This route of administration bypasses the blood-CSF barrier, with controlled deliv-
ery directly to the site of infection. CSF pharmacokinetic modeling studies [34-37]
show that for most gram-negative bacteria if the MIC for some cephalosporins is
greater than 0.5 pg/mL or for meropenem is greater than 0.25 pg/mL and for gram-
positive bacteria if the MIC for vancomycin is greater than 1 pg/mL, the target
pharmacokinetic-pharmacodynamic (PK-PD) parameters in the CSF with intrave-
nous antimicrobials may not be achieved.

Although no antimicrobial agent has been approved by the US Food and Drug
Administration for intraventricular and intrathecal use, there have been several studies
on their pharmacokinetics, safety, and efficacy, especially in adults [38—44]. CSF ste-
rility and normalization of CSF parameters were achieved sooner with intraventricular
and intravenous use when compared to intravenous use alone. However, the use of
intraventricular antimicrobial agents was not recommended in infants based on data in
a recent Cochrane review [45]. A clinical trial found a three times higher relative risk
of mortality when infants with gram-negative meningitis were treated with intraven-
tricular gentamicin and intravenous antimicrobials, when compared to intravenous
therapy alone, although one half of the infants in the intraventricular gentamicin group
had received only one dose, raising doubts about the exact cause of death.

Antimicrobial agents administered by the intraventricular or intrathecal route
should be preservative-free and should be prepared and given using strict sterile
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precautions. To avoid increasing the intracranial pressure prior to instilling the drug,
a volume of CSF equal to the volume of drug diluent and saline flush should be
aspirated and discarded. After administering the drug via a CSF drain, a saline flush
can be used to minimize the amount of drug remaining in the draining catheter.
When administered through a CSF drain, the drain should be clamped for 15-60 min
to allow the antimicrobial solution to equilibrate in the CSF before opening the
drain [46]. During and after the procedure, the patient’s level of consciousness and
ICP should be closely monitored. In treating CSF shunt ventriculitis, administration
of the antimicrobials through the shunt reservoir may result in the agent draining
distally into the peritoneal cavity; to avoid this issue, antimicrobials can be admin-
istered into the cerebral ventricles by placing a ventricular access device separate
from the shunt reservoir [47].

Determining the correct dosing regimen is challenging as the CSF concentra-
tions obtained for the same intraventricular dose in pharmacokinetic studies have
been highly variable, probably due to the differences among patients in either the
volume of distribution depending upon ventricular size or variable CSF clearance as
a result of CSF drainage [38—43, 45]. A consensus guideline by the British Society
for Antimicrobial Chemotherapy Working Party on Infections in Neurosurgery has
recommended that the initial dose of an intraventricular antimicrobial be based on
ventricular volume [48]. In adults, the recommended dose of vancomycin is 5 mg in
patients with slit ventricles, 10 mg in patients with normal-sized ventricles, and
15-20 mg in patients with enlarged ventricles. Using the same rationale, the initial
dosing of an aminoglycoside can also be tailored to ventricular size. The same
Working Party recommended that the frequency of dosing be based on the daily
volume of CSF drainage: once-daily dosing if CSF drainage is >100 mL/day, every
other day if the drainage is 50-100 mL/day, and every third day if drainage is
<50 mL/day. The ranges of intraventricular or intrathecal dose/day for other antimi-
crobials are as follows:

Gentamicin, 4-8 mg

Tobramycin, 5-20 mg

Amikacin, 5-30 mg

Colistimethate sodium, 10 mg, which is 125,000 IU or 3.75 mg CBA (colistin base
activity)

Daptomycin, 2-5 mg

Another approach, when drug levels can be monitored, is to base dosing on
CSF drug concentrations, after the initial intraventricular dose. However, there are
very few studies that have evaluated CSF therapeutic drug monitoring and given
the variable CSF clearance of an antimicrobial agent; it is difficult to determine
when to obtain CSF to measure peak and trough drug concentrations. A CSF drug
concentration can be obtained 24 h after administration of the first dose, which
can be presumed to be the trough CSF concentration. The trough CSF concentra-
tion divided by the minimal inhibitory concentration of the agent for the isolated
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organism is termed the inhibitory quotient, which should exceed 10-20 for con-
sistent CSF sterilization [49, 50]. Although not standardized, this approach is rea-
sonable to ensure that adequate CSF concentrations of the antimicrobial are
obtained.

Surgical Management

There is a wide range of management approaches to CSF shunt ventriculitis, in the
published literature, ranging from conservative treatment with antimicrobials alone
to removal of the entire shunt and later reimplanting a shunt after resolution of the
ventriculitis [51, 52] There has only been one prospective, randomized trial that
evaluated three different approaches to management of infected CSF shunts in 30
children (10 per each arm of the study) [53]. In the study, the arm that received
antimicrobial therapy alone with no shunt removal had a 30% cure rate, the arm
with the one-stage shunt replacement (removal of the infected CSF shunt with
replacement of a new shunt in the same surgery) had a 90% cure rate, and the arm
with the two-stage shunt replacement (removal of the infected CSF shunt with
replacement of a new shunt in a second surgery after the ventriculitis cleared) had a
100% cure rate. In a decision analysis [51] and a systematic review [52] which syn-
thesized results from many studies, the outcomes were similar to that of the afore-
mentioned trial. They showed that cure rates were better with a two-stage procedure
(88-96%) compared to a one-stage procedure (65%), which were better than when
treated with antimicrobials alone without removing the infected shunt (34-36%)
[51, 52]. In the two-stage approach, there might be a need for a temporary CSF
drain, to treat raised ICP or hydrocephalus, while waiting for CSF cultures to clear
before reimplanting a new CSF shunt. The optimal timing of shunt reimplantation
has not been studied. Early placement may increase the risk of relapse, but a delay
in reimplantation may increase the risk of secondary infection of the external ven-
tricular drain. The timing of reimplantation should be individualized based on the
isolated organism, severity of ventriculitis, and improvement of CSF parameters
and CSF sterilization in response to antimicrobial therapy. Most experts in the field
would wait for at least 7-10 days after the CSF cultures become sterile to reimplant
a new shunt.

Conservative management without explanting infected prosthetic devices usu-
ally has lower cure rates as the organisms adhere to prostheses and form biofilms
making them resistant to antimicrobial therapy. However, in one observational study
of treatment with systemic and intraventricular antimicrobial agents (instilled via a
separate ventricular access device), 84% of 43 patients were cured, with a 92% suc-
cess rate for infections caused by bacteria other than S. aureus [47] suggesting that
conservative management may be appropriate for selected patients with CSF shunt
infections caused by less virulent microorganisms such as coagulase-negative
staphylococci and P. acnes. In the treatment of CSF drain infections, removal of the
infected drain would be a prudent approach.
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Infection Prevention
Systemic Antimicrobial Prophylaxis

In addition to sterile technique and aseptic precautions during neurosurgeries such as
craniotomies, the use of periprocedural systemic antimicrobial prophylaxis has been
shown to decrease infection rates in most studies [54]. However, there are some stud-
ies that show that it does not prevent meningitis [55]. Systemic antimicrobial prophy-
laxis has also been shown to be effective in reducing CSF shunt infections. In a
meta-analysis, the infection rates were found to be decreased with the use of antibi-
otic prophylaxis for CSF shunt surgery (odds ratio 0.51; 95% confidence interval
0.36-0.73) [56]. The antimicrobials that are generally used are first- or second-
generation cephalosporins or vancomycin. Although periprocedural systemic pro-
phylactic antimicrobials are used for CSF drains, the use of prolonged prophylactic
systemic antimicrobials for the entire duration of external CSF drainage is more
controversial. One study noted that the infection rate was 3.8% in those who received
prophylactic antibiotics for the duration of placement of the CSF drain and 4.0% in
those who received only periprocedural antibiotics [57], suggesting that prophylactic
antibiotics throughout drainage did not significantly decrease the rate of ventriculitis.
In contrast, another study demonstrated a lower infection rate with prophylactic anti-
biotics (2.6% CSF infection rate vs. 10.6% in those who only received periproce-
dural antibiotics; p = 0.001) [58], although the infections in those receiving
prophylactic antimicrobials were caused by more drug-resistant, virulent pathogens
and had a higher mortality rate (66% vs. 41%). In a systematic review [59] which
pooled data from two randomized controlled trials and four observational studies,
there was a relative risk reduction of 0.45 with the use of prophylactic prolonged
systemic antimicrobials, although there were significant methodological limitations
and heterogeneity in the pooled studies, the definitions of ventriculitis were variable,
the type and dose of antimicrobials were different, adverse effects were not well
studied, and most of the studies were retrospective and prone to bias. Given the avail-
ability of a safer efficacious alternative (i.e., antimicrobial-impregnated catheters;
see below), it would be prudent to avoid the use of prophylactic prolonged systemic
antimicrobials for the prevention of CSF drain infections.

Antimicrobial-Impregnated Catheters

The currently available antimicrobial-impregnated CSF drains and CSF shunts are
typically impregnated with either minocycline or clindamycin, combined with
rifampin. In a meta-analysis of 12 studies comparing antimicrobial-impregnated to
non-antimicrobial-impregnated VP shunts, there was a statistically significant
decrease in infections in patients who had received antimicrobial-impregnated
shunts (RR 0.37; p < 0.0001) [60]. A similar reduction in infection rates has also
been shown with the use of antimicrobial-impregnated external ventricular drains.
A meta-analysis of five studies showed a statistically significant reduction in
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infections with antimicrobial-impregnated external ventricular drains (RR of 0.31;
p = 0.009) [60]. The studies show that antimicrobial-impregnated CSF shunts and
CSF drains are effective in preventing infections though larger prospective studies
are needed to confirm this.

Combined Interventions (Bundles)

Studies evaluating “bundles” in the prevention of both CSF shunt and CSF drain
infections showed that they are effective. In the Hydrocephalus Clinical Research
Network Initiative, there was a reduction in infection rates from 8.8% to 5.7%
(p =0.0028; RR reduction, 36%), using a 11-step protocol for CSF shunt insertion
which included measures to minimize operating room traffic, appropriate and timely
prophylactic antimicrobials, hair clipping, chlorhexidine application, proper hand
washing, and double gloving [61, 62]. Similarly, in patients requiring placement of
an external ventricular drain, following a simple infection control protocol during
CSF drain insertion and maintenance reduced ventriculitis rates from 6.3% in the
baseline period to 0.8% in the first 3 years of the protocol period [63]. In a 4-year
follow-up, the authors reported a further decrease in the ventriculitis rate to 0% [64].

For a more in-depth reading on diagnosis and management, we recommend the
IDSA (Infectious Diseases Society of America) guideline on healthcare-associated
ventriculitis and meningitis [65].
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Rodrigo Hasbun

Wallgren initially described the aseptic meningitis syndrome in 1925 as an acute
community-acquired syndrome with cerebrospinal fluid (CSF) pleocytosis in the
absence of a positive Gram stain and culture, without a parameningeal focus or a
systemic illness and with a good clinical outcome [1]. It was not until the 1950s
when advances in diagnostic virology identified seasonal patterns and a major role
for viruses. Since then this clinical syndrome has been used more broadly and
includes more than 100 infectious and noninfectious etiologies with some of them
being treatable (see Table 4.1). The most common etiologies of aseptic meningitis
in the United States (USA) are viruses such as Enterovirus, herpes simplex type 2,
and West Nile virus although up to 81% of adults remain with unknown etiologies,
especially when PCR testing is not routinely done [2]. Acute meningitis is defined
as duration of symptoms of less than 5 days and accounts for 75% of all community-
acquired meningitis cases [3]. In this chapter, we will review the diagnostic and
management challenges to some of the most common causes of acute aseptic men-
ingitis syndrome. We will briefly discuss herpes viruses, arboviruses, dengue, Zika,
chikungunya, syphilis, partially treated bacterial meningitis, human immunodefi-
ciency virus, and Lyme disease as other chapters in this book cover these etiologies
extensively.
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Table 4.1 Differential diagnosis of acute aseptic meningitis syndrome

Infectious etiologies
Viruses

Enteroviruses®; arboviruses®; herpes viruses®; mumps virus; polio viruses

Lymphocytic choriomeningitis virus; human immunodeficiency virus?

Adenovirus; parainfluenza virus; influenza A and B; measles; rubella

Bacteria

Bacterial meningitis; parameningeal focus®; Rickettsia species; endocarditis

Ehrlichia; Anaplasma spp.; Brucella species; Bartonella henselae;

Nocardia spp.; Mycoplasma spp.; Mycobacterium tuberculosis

Spirochetes

Treponema pallidum (syphilis); Borrelia burgdorferi (Lyme disease); Leptospira spp.;

Protozoa and helminths

Naegleria fowleri; Angiostrongylus cantonensis; Baylisascaris procyonis

Taenia solium; Toxocara spp.; Strongyloides stercoralis (hyperinfection syndrome)

Noninfectious etiologies

Intracranial tumors and cysts

Craniopharyngioma; teratoma’; dermoid/epidermoid cyst

Medications

Antimicrobial agents?; nonsteroidal anti-inflammatory agents"; muromonab-CD3 (OKT3)
Azathioprine; cytarabine; carbamazepine"; immune intravenous globulin; ranitidine
Systemic illnesses

Systemic lupus erythematosus; Behget’s disease; sarcoidosis; Vogt-Koyanagi-Harada

Procedure related
After neurosurgery (“chemical meningitis”); spinal anesthesia; intrathecal injections'
Miscellaneous

Seizures; migraine or migraine-like syndromes; postvaccination; meningeal carcinomatosis
Multiple sclerosis; heavy metal (lead and mercury) poisoning; vein of Galen aneurysm

*Primarily echoviruses and coxsackieviruses

°In the USA, the major etiologic agents are the mosquito-borne West Nile virus, California, St.
Louis, and Eastern equine encephalitis and the tick-borne Colorado tick fever

‘Primarily herpes simplex virus type 2 but also herpes simplex virus type 1, varicella-zoster virus,
cytomegalovirus, Epstein-Barr virus, and human herpesvirus 6

YDuring the acute HIV seroconversion syndrome

“Brain abscess, sinusitis, otitis, mastoiditis, subdural empyema, epidural abscess, venous sinus
thrombophlebitis, pituitary abscess, cranial osteomyelitis

"Main association of the anti-NMDA receptor encephalitis in young women

¢Trimethoprim, sulfamethoxazole, trimethoprim-sulfamethoxazole, ciprofloxacin, penicillin, iso-
niazid, metronidazole, cephalosporins, pyrazinamid, Ibuprofen, sulindac, naproxen, tolmetin,
diclofenac, ketoprofene

"In patients with connective tissue diseases

iAir, isotopes, antimicrobial agents, antineoplastic agents, corticosteroids, radiographic contrast
media
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Infectious Causes
Viral Meningitis

Enteroviruses

Enteroviruses (EV) are the leading recognizable cause of aseptic meningitis syn-
drome [1, 2]. As the surveillance of EV infections to the Centers for Disease Control
and Prevention (CDC) is passive [4] and because enteroviral infections are underdi-
agnosed as only 15% of adults with aseptic meningitis get a CSF EV polymerase
chain reaction (PCR) done [2], the true prevalence of this infection is unknown. A
total of 118 types of enteroviruses and 16 types of human parechoviruses (HPeV)
have been described as causes of viral meningitis in the USA [4, 5]. EV can some-
times also cause acute flaccid paralysis, encephalitis, myocarditis, and sepsis with
worse clinical presentations most commonly seen in neonates or infants [5, 6].
Enterovirus D68 has been implicated as a possible cause of acute flaccid paralysis
(AFP) in the USA as 43% of cases have had the virus isolated from respiratory
specimens by PCR [6]. Enteroviruses have a worldwide distribution, and in temper-
ate climates they have a summer/fall seasonality [1, 2, 5]. Transmission is via the
fecal-oral route and less likely by respiratory droplets [5]. A report from the National
Enterovirus Surveillance System from the CDC from 2009 to 2013 documented the
seasonal pattern (April to November) with the two most common viruses identified
as coxsackievirus A6 and human parechovirus type 3 [4].

Infants and young children most commonly suffer from enteroviral meningitis
because they are the most susceptible host population within the community. Risk
factors for severe disease in children are absence of oral lesions, seizures, and leth-
argy [7]. In adults, enteroviruses more commonly present with aseptic meningitis
with good clinical outcomes [2]. Rarely, patients can present with an enteroviral
meningoencephalitis after receiving chimeric anti-CD20 monoclonal antibody
rituximab [8]. Additionally, neonates can present with a severe form of meningoen-
cephalitis with symptoms and signs developing at birth after transplacental trans-
mission of the virus. With disease progression, a sepsis-like syndrome characterized
by multiorgan involvement, disseminated intravascular coagulation, seizures, focal
neurological signs, and cardiovascular collapse may develop [5]. A recent small
clinical trial showed that pleconaril improved clearance of the virus and mortality in
neonates with enteroviral sepsis, but the Federal Drug Administration (FDA) [9] has
not approved the drug.

Severe disease and poor outcome are rare in infants, children, and adults [2, 10].
Infants usually present with fever, irritability, feeding difficulties, and rash with the
majority of them having a good clinical outcome [5, 10]. Approximately one-third
of patients have stiff neck with less than 2% of patients presenting with altered
mental status. Headache is nearly always present in adults, but photophobia is seen
in ~ one-third of patients [11]. Patients may also present with nonspecific symptoms
and signs such as vomiting, anorexia, rash, diarrhea, cough, upper respiratory tract
findings, and myalgias. The duration of illness in enteroviral meningitis is usually
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less than 1 week, with many patients reporting improvement after lumbar puncture,
presumably from reduction in intracranial pressure [1, 5].

Herpes Viruses

Herpes viruses include herpes simplex virus (HSV) types 1 and 2, varicella-zoster
virus, cytomegalovirus, Epstein-Barr virus, and human herpes viruses 6, 7, and 8 [1].
Although neurologic complications are known to occur with some of these viruses,
complications associated with HSV are of the most significance. In a recent study of
404 adults with aseptic meningitis, HSV was the most common identified viral
pathogen even though only 39% of patients had a CSF HSV PCR performed [2]. In
patients beyond the neonatal period, it is critical to differentiate between HSV
encephalitis (usually HSV type 1), a potentially fatal infection, and HSV meningitis
(most commonly by HSV type 2), a self-limited syndrome. The syndrome of HSV-2
aseptic meningitis is most commonly associated with primary genital infection and
has a benign clinical outcome that does not appear to be impacted by antiviral ther-
apy [12]. HSV-2 is also the most common cause Mollaret’s meningitis (now termed
recurrent benign lymphocytic meningitis), although a few cases have been associated
with HSV-1 and Epstein-Barr virus have been reported [13]. The majority of patients
are female, have no history of genital HSV and have no active lesions on presentation
[13]. A recent double blind, randomized clinical trial of valacyclovir suppression
showed no impact on decreasing recurrent rates in patients with HSV-2 meningitis
[14]. Acute aseptic meningitis has also been associated with varicella-zoster virus
(VZV) in patients with or without typical skin lesions, [12] the latter known as zoster
sine herpete. VZV is most likely an underdiagnosed treatable etiology as only 1.2%
of patients with aseptic meningitis undergo a CSF VZV PCR [2]. A recent study
using a multiplex PCR documented that human herpes virus 6 (HHV-6) was more
commonly detected than HSV-1 or HSV-2 in adults and children with meningitis and
encephalitis [15]. The proportion that these HHV-6 cases represent a true infection
versus reactivation or chromosomal integration remains to be determined [16].
Cytomegalovirus and Epstein-Barr virus may cause aseptic meningitis in association
with a mononucleosis syndrome, particularly in an immunocompetent host [1].

Arboviruses
Arboviruses (arthropod-borne virus) include several families of viruses that are
transmitted by either mosquitos, ticks, or sandflies [17]. The most common
arthropod-transmitted cause of aseptic meningitis in the USA is West Nile virus
(WNV), a flavivirus. WNV infection is most commonly asymptomatic with approx-
imately 20% having a febrile illness and 1% presenting with neuroinvasive disease
[18]. Neuroinvasive disease may present with an aseptic meningitis, with encepha-
litis, or with an acute flaccid paralysis/myelitis but may be underdiagnosed as only
approximately one-third of adults and children with meningitis or encephalitis get
tested [19]. There is no vaccine or therapy for WNV.

Neuroinvasive disease develops in approximately 1% of patients with West Nile
virus infections during the summer months in the USA [19]. Patients can present with
meningitis, encephalitis, or acute flaccid paralysis with up to 50% of patients with
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encephalitis having concomitant chorioretinitis [20]. Patients with meningitis typi-
cally presents with fever, headache, nausea, vomiting, stiff neck, photophobia, and
occasionally with a maculopapular rash [17]. In addition, patients may have persistent
headaches, memory impairment, and chronic fatigue years after infection [21].

Other less common arboviruses in the USA that can cause aseptic meningitis are
the two mosquito-borne illnesses, St. Louis encephalitis (a flavivirus) and the
California encephalitis group of viruses (e.g., La Crosse, Jamestown Canyon, and
snowshoe hare viruses, which are bunyaviruses), and two tick-borne illnesses,
Powassan virus in northern central and eastern USA and coltivirus (agent of
Colorado tick fever) in the mountainous and western regions of the USA and Canada
[17]. In 2015, the CDC reported a total incidence of 2175 cases of WNV followed
by La Crosse (55), St. Louis (23), Jamestown canyon (11), Powassan (7), and
Eastern equine encephalitis (6) [22]. In Europe, tick-borne encephalitis can be asso-
ciated with a complex syndrome of meningoencephaloradiculitis (MER), which is
associated with a relatively high risk of severe disease (requirement for intensive
care and mechanical ventilation). Age, male sex, and preexisting diabetes mellitus
were predictive of the more severe MER [23]. Toscana virus has emerged as one of
the most common causes of meningitis or encephalitis during the summer in the
Mediterranean countries [11]. It is transmitted by sandflies and is caused by a
bunyavirus.

Other Viruses

Lymphocytic choriomeningitis virus (LCMV) can cause aseptic meningitis; this
virus is now rarely reported as an etiologic agent [1]. A seroprevalence of 5% for
LCMV was seen in 400 patients with neurological infections in Finland [24].
LCMV is transmitted to humans by contact with rodents (e.g., hamsters, rats, mice)
or their excreta [1, 24]; the greatest risk for infection is in laboratory workers, pet
owners, and persons living in impoverished and unhygienic situations. Recent out-
breaks have been reported in rodent breeding factories or infected households [25,
26]. No evidence of human-to-human transmission has been reported.

In an unimmunized population, mumps can cause aseptic meningitis [1]. With
the introduction of the measles-mumps-rubella (MMR) vaccine, the incidence of
mump-associated meningitis has dramatically decreased with now only accounting
for <1% of all cases of meningitis and encephalitis in the UK and US [27, 28].

Human immunodeficiency virus (HIV) can cause aseptic meningitis during HIV
seroconversion presenting clinically with a mononucleosis-like picture [1]. HIV
may also cause an encephalitis presentation in those with acquired immunodefi-
ciency syndrome (AIDS) who are not receiving antiretroviral therapy (ART) (known
as AIDS encephalopathy or HIV encephalitis) or in those patients on ART with CSF
viral escape (detectable viral load in the CSF with undetectable or low-level vire-
mia) [29]. This latter form is referred to as CDS8 encephalitis and can be treated with
steroids and by optimizing ART.

Japanese encephalitis is a vaccine preventable infection that continues to cause
both meningitis and encephalitis in countries where routine vaccination is not avail-
able [30]. Dengue, chikungunya, and Zika virus are emerging causes of meningitis
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or encephalitis in several parts of the world [31, 32]. The epidemic of Ebola disease
in West Africa has revealed unusual characteristics of the disease not previously
described, including viral relapse with acute meningitis, with high levels of virus in
the cerebrospinal fluid. Antiviral therapy with an experimental agent and adjuvant
corticosteroids led to resolution of the disease [33].

Bacterial Etiologies

Patients with bacterial meningitis may present with a negative Gram stain [34].
Patients with bacterial meningitis classically present with fever, headache, menin-
gismus, and signs of cerebral dysfunction; however, clinical presentation may vary
based on age and underlying disease status and as a result of infection by specific
bacterial pathogens. Even though the CSF typically shows a >1000 WBC per mm?
with a neutrophilic predominance, a CSF protein >100 mg/dl and a glucose <40 mg/
dl, a neutrophilic pleocytosis, and hypoglycorrhachia may be seen in viral meningi-
tis as well [35, 36]. Patients with infective endocarditis due to Staphylococcus
aureus and Streptococcus pneumoniae can sometimes present with meningitis [1].
Additionally, patients with parameningeal focus of infections may sometimes pres-
ent with meningitis. Epidural or subdural empyemas may sometimes occur to con-
tiguous osteomyelitis complicating sinusitis, otitis, or mastoiditis [1].

Spirochetal Meningitis

Treponema pallidum disseminates to the CNS during early infection [37]. The
organism can be isolated from the CSF of patients with primary syphilis, and CSF
laboratory abnormalities are detected in 5-9% of patients with seronegative primary
syphilis. The actual rate of invasion of the CNS during these early stages is likely to
be considerably higher, however. Clinical neurosyphilis can be divided into four
distinct syndromes [37]: syphilitic meningitis, meningovascular syphilis, parenchy-
matous neurosyphilis, and gugmmatous neurosyphilis.

Lyme disease, most commonly caused by Borrelia burgdorferi, can cause an
aseptic meningitis in the secondary phase typically 2-10 weeks after the erythema
migrans rash [38]. Because viral meningitis is an important differential diagnosis, a
clinical prediction rule has been used to help clinicians differentiate these two con-
ditions. The “Rule of 7’s” classifies children at low risk for Lyme meningitis when
each of the following 3 criteria are met: <7 days of headache, <70% cerebrospinal
fluid (CSF) mononuclear cells, and absence of seventh or other cranial nerve palsy
[39]. The best currently available laboratory test for the diagnosis of Lyme disease
is demonstration of specific serum antibody to B. burgdorferi, and this positive test
in a patient with a compatible neurologic abnormality is strong evidence for the
diagnosis [38].

Leptospirosis can cause aseptic meningitis during the second (immune) phase of
the illness and is typically associated with uveitis, rash, conjunctival suffusion,
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adenopathy, and hepatosplenomegaly [40]. The CSF profile resembles viral menin-
gitis with the diagnosis being established by CSF or urine culture using Fletcher’s
medium or by serology. The treatment is doxycycline.

Protozoal and Helminthic Meningitis

Amebas

Despite the hundreds of species of free-living amebas that are known, only a few
have been reported to infect humans [41]. The most important are in the genera
Naegleria, Acanthamoeba, and Balamuthia. Naegleria fowleri, the main protozoan
causing primary amebic meningoencephalitis in humans, has been recovered from
lakes, puddles, pools, ponds, rivers, sewage sludge, tap water, air conditioner drains,
and soil [41, 42]. Sporadic cases of primary amebic meningoencephalitis occur
when persons, usually children and young adults, swim or play in water containing
the amebas or when swimming pools or water supplies have become contaminated,
often through failure of chlorination. In the largest review of 142 cases reported in
the USA from 1937 to 2013, cases were reported in most southern states and
occurred primarily in previously healthy young males exposed to warm recreational
waters, especially lakes and ponds, in warm weather locations during summer
months [42]. Clinical presentation and CSF formula resembles bacterial meningitis
with a mortality of 98%. Recently, miltefosine has resulted in survival in a few cases
with Naegleria fowleri and Acanthamoeba [43, 44].

Eosinophilic Meningitis

Infection of humans by larvae of the nematode Angiostrongylus cantonensis is the
most common cause of eosinophilic meningitis [45]. Humans become infected by
eating infected intermediate hosts (i.e., mollusks, such as snails and slugs) or
paratenic (i.e., freshwater prawns, crabs, frogs, and planaria) hosts or by eating food
such as leafy green vegetables contaminated by these hosts. The larvae invade the
brain either directly from the bloodstream or after migrating through other organs
before reaching the spinal cord and brain. Once in the CNS, the larvae mature into
adult worms that migrate through the brain. A. cantonensis is widespread, and
human infection is fairly common and reported from many parts of the world. Other
infectious causes of eosinophilic meningitis include Grathostoma species,
Baylisascaris procyonis, Toxocara species, and Taenia solium [45].

Diagnosis

The empirical management of patients is challenging as approximately 93% of
patients with community-acquired meningitis present with a negative Gram stain
[3]. Furthermore, as the differential diagnosis is broad and available CSF is limited,
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the majority of patients do not undergo comprehensive diagnostic evaluations, and
several pathogens go undiagnosed [2, 3, 19]. Rapid multiplex PCR testing of the
CSF may offer a solution to this dilemma. The BioFire FilmArray Meningitis/
Encephalitis (FA ME) (BioFire Diagnostics, Salt Lake City, UT) is the first FDA-
approved multiplex PCR panel which detects six bacteria (S. pneumoniae, N. men-
ingitidis, S. agalactiae, H. influenzae, L. monocytogenes, and E. coli K1), seven
viruses (HSV types 1 and 2 [HSV-1 and -2], human herpesvirus 6 [HHV-6], cyto-
megalovirus [CMV], enterovirus, parechovirus, varicella-zoster virus [VZV]), and
two fungi (Cryptococcus gattii/neoformans) using 0.2 ml of CSF in 1 h. A strategy
that uses the panel in meningitis with a negative Gram stain found an increase of
22.9% in diagnoses rendered, mostly commonly viral pathogens, but also two cases
with S. pneumoniae and a case of C. gattii/neoformans. However, 15.2% (5/33) of
FA ME-negative isolates were positive by standard assays (four cases of West Nile
virus and a case of Histoplasma capsulatum, pathogens not included in the panel)
[46]. In a retrospective analysis of CSF from HIV patients with cryptococcosis in
Uganda, the test was considered useful in distinguishing culture-positive relapse
from culture-negative immune reconstitution syndrome [47]. A multicenter pro-
spective study of 1560 patients tested with the panel showed a high sensitivity and
specificity for the 14 pathogens in the panel [15]. Other multiplex PCRs that are
currently being studied are the Fasttrack, Seegene, and the TagMan array card
assays [48]. Of all these assays, the most comprehensive one is the TagMan array
card that includes 21 pathogens: 2 parasites (Balamuthia mandrillaris and
Acanthamoeba), 6 bacteria (Streptococcus pneumoniae, Haemophilus influenzae,
Neisseria meningitidis, Mycoplasma pneumoniae, Mycobacterium tuberculosis,
and Bartonella), and 13 viruses (parechovirus, dengue virus, Nipah virus, varicella-
zoster virus, mumps virus, measles virus, lyssavirus, herpes simplex viruses 1 and
2, Epstein-Barr virus, enterovirus, cytomegalovirus, and chikungunya virus).

Viral Meningitis

Cerebrospinal Fluid Examination

CSF pleocytosis is almost always present in patients with enteroviral meningitis,
although some enteroviruses have been isolated from young infants with clinical
evidence of meningitis but no CSF white blood cells [5]. A study of 390 patients
with enteroviral meningitis showed that 16-18% of children and 68—77% of neo-
nates had no CSF pleocytosis with younger age, lower serum white blood cell count,
and shorter duration of symptoms prior to the lumbar puncture being predictors for
lack of CSF pleocytosis [49]. The cell count is usually 100-1000/mm?, although
counts in the several thousands have also been reported [5]. Enterovirus can present
with a neutrophilic pleocytosis in 39% of patients [35]. If a repeat lumbar puncture
is done more than 8 h later, this may switch to a lymphocytic pleocytosis [50], but
this practice is done currently in only 0.5% of patients with viral CNS infections
[35]. Additionally, a retrospective study of 158 cases of meningitis (138 aseptic and
20 bacterial) showed that 51% of the 53 patients with aseptic meningitis and
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duration of symptoms of less than 24 h had a neutrophil predominance in CSF, sug-
gesting that a CSF neutrophil predominance is not useful as a sole criterion in dis-
tinguishing between aseptic and bacterial meningitis [51].

Patients with HSV-2 meningitis also present most commonly with a lymphocytic
meningitis (<500/mm?) and a normal glucose content but occasionally can present
with a mild hypoglycorrhachia (3045 mg/dl) or with a neutrophilic pleocytosis [35,
36]. PCR has also become the standard method for diagnosis for all herpes viruses
(HSV1, HSV 2, HHSV 6, CMV, EBV, VZV). VZV PCR assay has also confirmed
several cases of herpes zoster meningitis even without the typical vesicular rash (zos-
ter sine herpete) [12, 51]. The CSF formula for West Nile virus resembles enteroviral
meningitis, and the diagnosis is made by a positive West Nile IgM [19].

Differentiation of Bacterial from Viral Meningitis

Even though the most common causes of meningitis and encephalitis are viral, the
majority of patients are admitted and receive empirical antibiotic therapy [28, 34].
In order to aid clinicians, several clinical models have been developed. In one study
of 422 immunocompetent patients older than 1 month of age with acute bacterial or
viral meningitis, a CSF glucose concentration less than 34 mg/dl, a CSF-to-blood
glucose ratio less than 0.23, a CSF protein concentration greater than 220 mg/dl,
more than 2000 leukocytes/mm?® of CSF, and more than 1180 neutrophils/mm?® of
CSF were found to be individual predictors of bacterial rather than viral meningitis,
with 99% certainty or better [52]. The Bacterial Meningitis Score has been derived
and validated in a total of 4896 patients which identifies children with CSF pleocy-
tosis who were at very low risk for bacterial meningitis (low-risk features were
negative CSF Gram stain, CSF absolute neutrophil count <1000 cell/mm?, CSF pro-
tein <80 mg/dl, and peripheral absolute neutrophil count <10,000 cells/mm?) [53].
Not surprisingly, one of the most important predictors for bacterial meningitis in
this scoring system is a positive Gram stain where the diagnosis is not a dilemma to
clinicians. A recent study of 960 adults derived and validated a risk score in patients
with meningitis and a negative Gram stain that identified a “zero risk”” subgroup for
any urgent treatable etiology (e.g., bacterial meningitis, herpes simplex encephali-
tis, fungal encephalitis, etc.) with 100% sensitivity [34]. Even though these clinical
models are available, physicians are still treating empirically for bacterial meningi-
tis in the majority of patients [28].

Biomarkers may also aid in the differentiation of viral versus bacterial meningitis.
Elevated CSF lactate concentrations may also be useful in differentiating bacterial
from nonbacterial meningitis in patients who have not received prior antimicrobial
therapy [54, 55]. Two meta-analyses, one including 25 studies with 1692 patients
(adults and children) [54] and the other including 31 studies with 1885 patients [55],
concluded that the diagnostic accuracy of CSF lactate is better than that of the CSF
white blood cell count, glucose concentration, and protein level in the differentiation
of bacterial from aseptic meningitis; sensitivities of 93% and 97% and specificities
of 96% and 94%, respectively, were seen. C-reactive protein (CRP), detected either
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in serum or CSF, and serum procalcitonin concentrations have been elevated in
patients with acute bacterial meningitis and may be useful in discriminating between
bacterial and viral meningitis. In one study, serum CRP was capable of distinguish-
ing Gram stain-negative bacterial meningitis from viral meningitis on admission
with a sensitivity of 96%, a specificity of 93%, and a negative predictive value of
99% [56]. In another study, a serum procalcitonin concentration of more than 0.2 ng/
ml had a sensitivity and specificity of up to 100% in the diagnosis of bacterial men-
ingitis, [57] although false-negative results have been reported [58].

Cranial Imaging

Due to the fear of herniation in patients with a possible brain mass, the Infectious
Diseases Society of America recommends a head CT before the lumbar puncture
with the following criteria: new-onset seizures, an immunocompromised state,
signs that are suggestive of space-occupying lesions (papilledema or focal neuro-
logic signs, not including cranial nerve palsy), or moderate to severe impairment of
consciousness [59]. Despite these recommendations, the majority of patients with
community-acquired meningitis undergo CT scanning with no indications [60]. In a
large study of adults and children with aseptic meningitis, all head CT scans that
were done were normal [2]. This practice increases costs and delays the diagnosis
and therapy of patients with meningitis [61].

Summary of Challenges

* The etiologies of the aseptic meningitis syndrome remain unknown for a large
proportion of cases fostering costly admissions, unnecessary antibiotic therapy,
and exposure to nosocomial hazards for the majority of patients.

e Utilization of clinical models, biomarkers, and rapid multiplex PCR tests could
help identify patients that do not require hospital admission or empiric antibiotic
therapy. This could reduce costs and nosocomial complications.

* Cranial imaging is of no diagnostic value in aseptic meningitis and should not be
done in patients without indications.
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TNF-a Tumor necrosis factor-o
VP Ventriculoperitoneal
WCC White cell count
WHO World Health Organization

Introduction
Ecology and Mycology of Cryptococcus

First identified in 1894, the genus of Cryptococcus comprises more than 30 known
species, of which human infections are almost always caused by Cryptococcus neo-
Sformans and Cryptococcus gattii [1, 2]. Based on antigenic determinants on the
polysaccharide capsule, the two varieties of C. neoformans are identified as var.
grubii [serotype A] and var. neoformans [serotype D], while C. gattii includes sero-
types B and C [3]. Recent genetic studies propose to redivide the two species into
seven separate species and genotypes [4].

C. neoformans and C. gattii are encapsulated, heterobasidiomycetous fungi that
exist in asexual or sexual stages [1]. C. neoformans was isolated from soil, avian
excreta especially pigeons, and many other environmental sources, while C. gattii is
restricted to red gum trees (Eucalyptus) [5-9]. The filaments that result from the
mating of the two opposite types “alpha” and “a” have basidia that produce 1-2
micron basidiospores, thought to be the infectious propagules [10]. Most environ-
mental and clinical isolates of C. neoformans only have the alpha mating locus
shown to be more virulent in mice [11, 12]. This predominance can be explained by
the yeast’s ability under certain conditions to produce haploid fruiting without mat-
ing and sexual reproduction within the same mating type which may have explained
the emergence of the Vancouver Island C. gattii outbreak [11-14].

Epidemiology and Risk Factors of Cryptococcal Meningitis (CM)

Cryptococcus is not considered a part of the human normal flora [15]. Prior to the
era of acquired immune deficiency syndrome (AIDS), data analyzed from 725 iso-
lates revealed that 100% of the isolates from Europe and Japan and more than 85%
of the isolates from Canada, the UK, and the USA (except Southern California and
Hawaii) were C. neoformans (serotypes A, D, or AD), while 35-100% of the iso-
lates from tropical and subtropical areas were C. gattii (serotypes B and C). Overall,
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C. neoformans serotypes were 86% of the isolates, and C. gattii serotypes were
13%, and 1% was not typeable [16].

Cryptococcosis remains a rare infection in normal hosts [15]. In fact, most adults
and children in New York City were found to have antibodies to C. neoformans
antigens, indicating that most of these infections are asymptomatic [17, 18]. In
patients with AIDS, most infections are caused by C. neoformans serotype A [19],
and C. gattii is much less common even in tropical and subtropical areas [20]. C.
gattii is thought to cause disease predominantly in immunocompetent hosts, whereas
C. neoformans mostly affects immunosuppressed patients [21], although C. neofor-
mans (serotype A) in Vietnam has been associated with high prevalence of CM in
human immunodeficiency virus (HIV)-negative, immunocompetent patients [22].

CM is the most common cause of adult meningitis in HIV patients in areas with
high prevalence of HIV [23, 24]. The lower the CD4* count in HIV patients, the
higher the incidence of cryptococcosis, and that skyrockets with CD4* count
<100 cells/pL [25, 26]. The incidence of CM has declined significantly in Europe
and the USA following the wide availability of antiretroviral therapy (ART) since
1997. Similarly, the rate of hospitalization in the USA declined from 16.6 million in
1997 to 7.7 million total population in 2009 [27, 28]. This was not seen in Africa as
many patients present with a history of ART use and low CD4* count due to nonad-
herence and loss of follow-up [29]. The updated analysis of the global burden of
HIV-associated CM in 2014 estimated the global annual rate of CM as 223,100
cases and global deaths of 181,100, of which 73% and 75%, respectively, were in
sub-Saharan Africa [30]. This is, however, a remarkable reduction from 957,000
annual CM cases and 600,000 deaths estimated in 2009 [31].

In HIV-negative patients, most patients with disseminated cryptococcosis have
an identifiable underlying disease. For example, these infections are seen in patients
with hematologic malignancies, treatment with corticosteroids, sarcoidosis with or
without corticosteroids, and solid organ transplantation (SOT) but not in bone mar-
row transplantation likely due to the routine use of azole antifungal prophylaxis in
these patients. Other populations at risk are patients with abnormalities in cell-
mediated immunity [32, 33].

Of note, 51% of HIV-negative patients with cryptococcosis had central nervous
system (CNS) involvement, and of that 30% had no apparent predisposing condi-
tions [34]. The “normal host” may actually have subtle or uncommon immune
abnormalities [2]. Furthermore, smoking and outdoor occupations was associated
with increased risk of cryptococcal infections in HIV-infected patients [35].
Table 5.1 shows common predisposing conditions for CM [34, 36-44].

Clinical Manifestations of Cryptococcosis
Pathogenesis, Inmune Responses, and Neurotropism
After inhaling the aerosolized basidiospores from the environment, the immune sys-

tem of a normal host can efficiently kill the yeast [1]. Alternatively, the initial pos-
sibly asymptomatic infection is contained in a primary complex in the hilar lymph
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Table 5.1 Predisposing conditions to cryptococcal meningitis

Autoimmune disorders
* Sarcoidosis
* Systemic lupus erythematosus

Comorbidities
« Cirrhosis
* Diabetes mellitus
 Hepatic disease
* Lymphoproliferative diseases
* Peritoneal dialysis

Drugs
* Corticosteroids
¢ Monoclonal antibodies (adalimumab, alemtuzumab, infliximab)

Immunodeficiencies
* Chronic granulomatous disease
* FCg receptor II polymorphism
* GATA2 mutations
* Hyperimmunoglobulin E (Job syndrome)
* Hyper-IgM syndrome

Infections
* HIV infection
Syndromes and autoantibodies
* Autoantibodies to IFN-y
* Autoantibodies to GM-CSF
« Idiopathic CD4* lymphopenia
 Pulmonary alveolar proteinosis

Transplantation
* Solid organ transplantation

nodes similar to primary tuberculosis [45]. This process involves CD4* T cells,
interleukin-2 (IL-2), and tumor necrosis factor-o (TNF-a) [1, 46]. On the hand, the
infection may disseminate outside the lungs in immunocompromised hosts and
sometimes in normal hosts following a primary infection or a reactivation in dor-
mant hosts after a decline of the CD4* count or the use of corticosteroids [1, 47].

C. neoformans has many virulence factors, of which the capsule is the most
defined [48]. The polysaccharide capsule helps to evade phagocytosis by macro-
phages [49], activates the alternative complement pathway leading to depletion of
complements [50], inhibits T-cell activation and pro-inflammatory cytokines such
as TNF-a [51, 52], downregulates the antigen-presentation capacity of monocytes
[53], and decreases the production of interferon-y (IFN-y) which suppresses the
IL-12 production leading to inhibition of the protective T-helper type 1 response
(Th-1) against C. neoformans [54, 55]. It also enhances HIV replication and resists
oxidative stress [1, 48].

Other important virulence factors in C. neoformans which can explain the yeast
neurotropism are (A) a laccase enzyme that converts CNS catecholamines to mela-
nin that protects against oxidative stress and exerts multiple cell-wall functions [56],
(B) thermotolerance of C. neoformans to high temperatures up to 43 °C compared
to C. gattii and serotype D that do not tolerate heat above 40° [57], (C) a urease and
metalloprotease Mprl enzymes in C. neoformans that facilitate its transcellular
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migration into the mouse brain [58, 59], and (D) mechanisms in C. neoformans that
allow it to survive nutrient starvation in the brain [60].

Pulmonary, Disseminated Disease and Atypical Sites of Infections

Cryptococcus causes a wide spectrum of infections with two major sites: the lungs
and the CNS [15]. In immunocompetent hosts, pulmonary infections may be asymp-
tomatic or may present with fever, chills, cough, chest pain, productive cough,
hemoptysis, weight loss, and night sweats [61]. C. neoformans may colonize the
respiratory tract of patients with chronic lung disease without underlying immune
dysfunction. Infection may only involve the lungs associated with negative serum
cryptococcal antigen (CrAg), but serum CrAg positivity should prompt ruling out
an extrapulmonary focus of infection [62].

Most immunosuppressed patients present symptomatically, and pneumonia may
progress faster and cause acute respiratory distress syndrome [63]. These patients
may present with meningeal rather than pneumonia symptoms despite having both
infections. Other coinfections have to be considered in AIDS patients with CD4*
count <100 cells/pL especially cytomegalovirus (CMV), Nocardia, Pneumocystis,
and typical and atypical mycobacteria [1, 64].

Cryptococcus can infect any organ system of the body. Noteworthy, skin involve-
ment is almost exclusively associated with disseminated disease, and lesions can be of
any type. Lesions may mimic bacterial cellulitis or abscess, acne vulgaris, molluscum
contagiosum, and squamous or basal carcinoma and may originate deeper from the
underlying bone or subcutaneous tissue [1, 65, 66]. Of note, SOT recipients on tacro-
limus were found to have more skin and soft tissue infections than CNS infections.
This may be explained by the antifungal activity of tacrolimus at 37-39 °C and the
lower skin temperatures [67]. Another site of the infection is the prostate which is usu-
ally asymptomatic, and the isolation of Cryptococcus in the urine indicates dissemi-
nated disease [1]. Of note, the prostate may be a reservoir for the yeast which may
grow in the urine even after the successful treatment of CM in AIDS patients [68].

CNS and Ocular Disease

CM may present with fever, headache, altered mental status, cranial nerve palsies,
lethargy, coma, and memory loss [1, 15]. HIV patients with CM usually present
after 2 weeks of the onset of symptoms and have a more disseminated disease, while
non-HIV patients with CM may present after 612 weeks of the onset, a diagnosis
often delayed by the absence of fever in non-HIV patients [2]. HIV patients with
CM have more yeast burden, higher CSF CrAg titers, and higher rates of increased
cerebrospinal fluid (CSF) pressure [1, 69]. In fact, 51% of HIV patients with CM
have an opening pressure of >250 mm H,O [70]. Also, HIV patients are also more
likely to have other infections such as Toxoplasma gondii or CNS lymphomas [1].
Interestingly, C. gattii is associated with more cryptococcomas and hydrocephalus
than C. neoformans [71].
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Ocular disease is frequently seen in patients with CM. The most common find-
ings are papilledema, cranial nerve palsies, and decreased visual acuity due to raised
intracranial pressure [72, 73]. Visual loss may occur secondary to optic neuritis or
endophthalmitis [74]. Furthermore, ocular coinfection may be seen with CMV and
HIV [75]. In addition, compression of the ophthalmic artery may occur during the
antifungal therapy due to raised intracranial pressure [1].

Outcomes and Prognostic Factors of CM

A study in Botswana showed no significant difference between the presentation and
outcome in HIV-associated CM due to C. neoformans or C. gattii [76]. The updated
analysis of the global burden of HIV-associated CM in 2014 estimated the 1-year
mortality in patients in care to be 70% in low-income countries, 40% in middle-
income countries, 20% in North America, and 30% in Europe, with 1.5 times higher
mortality in patients not in care in these regions [30]. Risk factors that influence
mortality in HIV-associated CM are CSF fungal burden, decreased sensorium, and
the rate of clearance of infection [70]. In addition, HIV infection and cryptococce-
mia were associated with higher mortality rates, whereas hematologic malignancy
and organ failure were not associated with mortality [77]. Also, low CSF white cell
count (WCC) (<20 cell/pL) and high CSF CrAg titers >1:1024 were associated with
worse outcomes [78].

In the USA, the mortality of HIV-negative patients was higher than HIV-positive
patients (35% vs 26%) [77]. This may be attributed to the late presentation, delayed
diagnosis, and possibly subtle immune dysfunction [77, 79]. Furthermore, the pre-
dictors of mortality of cryptococcosis in HIV-negative patients were shown to be
age >60 years, hematologic neoplasm and organ dysfunction [34]. Also, a study of
C. gattii CM in Australia showed that a CSF CrAg titer of >256 was associated with
worse neurological consequences and death [80].

Cryptococcal Inmune Reconstitution Inflammatory Syndrome
(IRIS) in Patients with CM

Although the association between IRIS and CM in HIV patients is well established
[81], IRIS has been described also in normal hosts, solid and bone marrow trans-
plant recipients, and hematological malignancy patients on chemotherapy [1, 2, 82]
after the immunosuppressive or antirejection regimens have been reduced to
strengthen the immune system [83]. In apparently immunocompetent hosts, post-
infectious inflammatory response syndrome (PIIRS) happens when cerebral edema
and neurological damage are exacerbated by the immune response [79]. Two forms
of IRIS identified in HIV patients are paradoxical IRIS in CM patients responding
to antifungal therapy who relapse after initiating ART and unmasking IRIS in
patients developing CM after starting ART [84].

IRIS may present with relapsing aseptic meningitis, abscess development,
increased intracranial pressure, new focal findings, cryptococcomas, or other CNS
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findings [85, 86]. Risk factors for CM-IRIS include high fungal burden which inhib-
its leukocyte migration into the CNS [87]; low initial CSF WCC and CSF protein
levels as well as lower CSF IFN-y, TNF-a, IL-2, IL-6, IL-8, and IL-17 cytokines; and
higher CSF chemokines of macrocyte chemotactic protein-1, macrophage inflamma-
tory protein-1o, and granulocyte macrophage colony-stimulating factor (GM-CSF).
In addition, a rapid improvement of low CD4* cell count after starting ART is another
major risk factor [8§8-91]. Predictors of IRIS in transplant patients include host
immune responses and discontinuation of calcineurin inhibitors which causes a five
times increased risk for IRIS [83]. The optimal time of starting ART and manage-
ment options of IRIS will be discussed below in the management of CM section.

Diagnosis of CM
CSF Findings

HIV-negative patients with CM have increased CSF protein levels and WCC, while
HIV patients have lower CSF protein levels and CSF WCC (median 15 x 10° cells/L)
[70]. Low glucose levels and lymphocytic predominance are seen in both groups [2,
92]. India ink staining is a rapid tool for the diagnosis of CM and has a sensitivity
of 50-70% in HIV-negative patients [93, 94] and a sensitivity/specificity of
84%/53% in HIV patients [95]. The performance of this test is highly
operator-dependent.

CSF Cultures

Most bacterial and fungal media cultures of the CSF can detect the yeast in 3—7 days,
with a sensitivity of 50-80% [93]. Biochemical reactions and DNA-based methods
can help to identify isolates and distinguish between C. neoformans and C. gattii
[96, 97]. Quantitative fungal cultures have been used to assess the rate of clearance
and the fungicidal activity of various antifungal drugs [98]. Recently, matrix-
assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-
TOF-MS) has been studied and can rapidly identify species and genotypes of
Cryptococcus [99].

Serum and CSF CrAg

Detection of cryptococcal capsular polysaccharide (glucuronoxylomannan, GXM)
Ag in serum and CSF by latex agglutination (LA) and enzyme-linked immunosor-
bent assay (ELISA) has a sensitivity of 100% for disseminated disease and 94% for
meningeal disease [100]. Specificity for CSF and serum CrAg was at least 90% for
both LA and ELISA regardless of HIV status [101, 102]. In addition, cross-reactive
serum CrAg has been seen in infections with Trichosporon beigelii [103] and
Stomatococcus mucilaginosus [104].
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A simple, quick, and cheap point-of-care test for the detection of CSF and serum
CrAg has been developed; this new bedside lateral flow assay (LFA) has a sensitiv-
ity and specificity of 99% [105]. It has a preemptive role in resource-limited settings
in the early diagnosis of asymptomatic CM and prevention of IRIS after starting
ART [106] and in ART-naive patients [107]. In addition, LFA’s improved sensitivity
offers an advantage over LA and cultures in diagnosing HI'V-negative C. gattii men-
ingitis [108].

Radiographic Findings

Brain magnetic resonance imaging (MRI) is more sensitive than computed tomog-
raphy (CT) in CM, but there are no pathognomonic findings. Findings include
lesions in the basal ganglia and midbrain that hyperenhance with T2-weighted
images but do not enhance with T1-weighted postcontrast images [1]. Also, findings
include hydrocephalus, single or multiple nodules with or without enhancement,
dilated Virchow-Robin spaces, pseudocysts, masses, gyral enhancement, cryptococ-
comas, and lacunar and cortical infarcts [109, 110]. Even with the initiation of ART,
these lesions may not resolve in months or years after successful treatment [111];
thus, cultures, symptoms, and clinical findings have to be considered before declar-
ing treatment failure, and in the case of CNS parenchymal lesions, CNS lymphoma
and coinfections with Nocardia or Toxoplasma should be ruled out [1]. Chest radio-
graphs (chest X-ray, CT) can show single to multiple, well-defined noncalcified
nodules in normal hosts diagnosed by lung biopsy. Other findings include lobar and
mass-like infiltrates, hilar lymphadenopathy, lung cavities, and pleural effusions
[112]. Disease may progress more rapidly in immunosuppressed patients such as
AIDS patients or those receiving high-dose corticosteroids [63].

Management and Complications of CM
Antifungal Therapy

If untreated, CM can progress to altered sensorium, seizures, coma, and even death
[2]. The rate of progression of the disease depends on host factors and fungal burden
of Cryptococcus. The management of CM according to the practice guidelines of
the Infectious Disease Society of America (IDSA) is based on three risk groups:
HIV-infected individuals, organ transplant recipients, and non-HIV-infected non-
transplant hosts [113]. The course is divided into three steps: induction, consolida-
tion, and maintenance.

The use of Amphotericin B (AmB) has been imperative in the management of
CM [114], and its combination with flucytosine (5-Fluorocytosine, 5-FC) was
shown to be more fungicidal than AmB alone in sterilizing CSF [115]. The combi-
nation of AmB/5-FC was also associated with improved survival [116], reduced
nephrotoxicity, shorter hospitalization [117], and prevention of relapse [118].
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Patients with or predisposed to renal dysfunction or organ transplant recipients
should not receive AmB deoxycholate (AmBd) but should be placed on lipid formu-
lations of AmB (LFAmB) either with liposomal AmB (L-AmB) or AmB lipid com-
plex (ABLC). Monitoring the kidney function is important during therapy with
AmBd or LFAmB, and the dose of 5-FC has to be adjusted accordingly [113].

HIV-infected individual should receive induction with AmB/5-FC for at least
2 weeks until clinical response is seen, followed by consolidation with 400-800 mg
fluconazole daily for 8—10 weeks and maintenance with 200 mg fluconazole daily
for at least 1 year which can be stopped when CD4 count is >100 cells/pL, viral
load is low or undetectable for >3 months, and serum CrAg is negative or low [113].
This requires the successful introduction of ART with the possibility of inducing
paradoxical IRIS [113]. Current IDSA 2010 practice guidelines for CM recommend
to start ART in 2—-10 weeks after initiating induction, although more recent studies
suggested 4-6 weeks as the most optimal time to start ART and prevent IRIS [70,
119]. Please see Table 5.2 for detailed recommendations of treatment of CM in HIV
patients, SOT recipients, and HIV-negative patients.

5-FC is used in combination with one of AmB formulations for induction for at
least 2 weeks (a dose of 100 mg/kg/day or renally adjusted) and should not be used
alone as monotherapy can lead to resistance [120]. Monitoring of complete blood
counts for bone marrow suppression is important, but it is not necessary to monitor
serum drug levels [116, 121]. Also, monitoring of hypokalemia, hypomagnesemia,
and acute kidney injury is essential in patients on AmB, and routine intravenous
hydration and preemptive electrolyte replacement reduced the rates of hypokalemia
and renal toxicity [122].

Azoles such as fluconazole have been used in the management of CM due to its
safe profile and excellent penetration into the brain [123, 124]. However, due to its
fungistatic properties, fluconazole should not be used in the induction phase when
there is a high fungal burden in the CSF [1]. Itraconazole, although has less CSF
penetration, was shown to successfully treat CM [125]. When 5-FC is not available,
AmB plus fluconazole (800 mg/day superior to 400 mg/day) can be used [126].
Furthermore, fluconazole 1200 mg daily was shown to be more fungicidal than
800 mg daily in HIV-associated CM [127], and its combination with 5-FC (100 mg/
kd/day) had early fungicidal activity close to that of AmB alone [128]. Also, vori-
conazole, posaconazole, and isavuconazole were used as salvage therapy in refrac-
tory cases with 38-60% response rates [129—131]. Echinocandins are not effective
against Cryptococcus [132]. CNS cryptococcomas are treated similarly to CM but
may require longer duration and surgical resection is rarely needed [133].

Persistence of CM Infection

Studies showed that in patients with AIDS and CM, at 10 weeks of therapy with
AmB or fluconazole alone, 60—65% did not have a successful outcome compared to
35-45% failure rate in those who received a combination of AmB/5-FC or
fluconazole/5-FC [134-137].
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Table 5.2 Treatment recommendation of CM per IDSA 2010 guidelines

Stage ‘ Regimen ‘ Duration ‘ Alternatives
Induction
HIV patients AmBd (0.7-1.0 mg/kg per 2 weeks AmBd plus fluconazole,
day) plus 5-FC (100 mg/kg per fluconazole plus 5-FC,
day) fluconazole, itraconazole
L-AmB (3—4 mg/kg per day) 2 weeks -
or ABLC (5 mg/kg per day)
plus 5-FC (100 mg/kg per day)
AmBd (0.7-1.0 mg/kg per 4 weeks -
day), L-AmB (3—4 mg/kg per
day) or ABLC (5 mg/kg per
day) alone in patient intolerant
to 5-FC
Transplant L-AmB (3—4 mg/kg per day) 2 weeks L-AmB (6 mg/kg per day),
recipients or ABLC (5 mg/kg per day) ABLC (5 mg/kg per day)
plus 5-FC (100 mg/kg per day) or AmBd (0.7 mg/kg per
day) all for 4-6 weeks
Non-HIV, AmBd (0.7-1.0 mg/kg per >4 weeks -
nontransplant day) plus 5-FC (100 mg/kg per
patients day)
AmBd (0.7-1.0 mg/kg per >6 weeks -
day) alone in patient intolerant
to 5-FC
L-AmB (3—4 mg/kg per day) >4 weeks -
or ABLC (5 mg/kg per day)
plus 5-FC (100 mg/kg per day)
for AmBd-intolerant patients
Consolidation
HIV patients Fluconazole 400 mg daily 8 weeks -
Transplant Fluconazole 400-800 mg daily |8 weeks -
recipients
Non-HIV, Fluconazole 400-800 mg daily |8 weeks -
nontransplant
patients
Maintenance
HIV patients Fluconazole 200 mg daily >1 year Itraconazole 400 mg daily
(for >1 year)
AmBd (1 mg/kg per week
for >1 year)
Transplant Fluconazole 200-400 mg daily | 6-12 months |—
recipients
Non-HIV, Fluconazole 200 mg daily 6-12 months | —
nontransplant
patients

Persistence or relapse of infection may be difficult to identify but should be con-
sidered after at least 4 weeks of therapy with new signs or symptoms or repeat posi-
tive cultures and should not be based only on the persistence of positive India ink
staining or CSF CrAg titers [1]. Also, a diagnosis of unmasking IRIS has to be
considered in these settings. Most initial isolates of C. neoformans and C. gattii
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have low minimal inhibitory concentrations (MICs) to AmB, 5-FC, and azoles by
in vitro susceptibility testing [138]. Mechanisms of drug resistance in C. neofor-
mans were described [139], and in fact, the clinical response may correlate with
MIC levels [140]. Of note, molecular testing confirmed that most recurrent infec-
tions represented relapse of the initial strain rather than a new strain [141].

Management of IRIS in Patients with CM

The percentage of patients who develop IRIS (including paradoxical and unmask-
ing) was shown to be 30% by 30 days of starting ART [142]. For patients who are
worsening despite a sterile CSF, the IDSA guidelines recommend continuing anti-
fungal therapy and using corticosteroids (0.5—1 mg/kg/day of prednisone equiva-
lent) or dexamethasone at higher doses for severe CNS signs and symptoms [113].
Doses are to be tapered over the next 2-6 weeks. Nonsteroidal anti-inflammatory
drugs and thalidomide were used but data is limited [113]. Also, recent cases sug-
gest using TNF-a blockade with adalimumab in patients with severe CM-associated
IRIS [143, 144]. Of note, chloroquine was used successfully to treat IRIS that
resulted from withdrawal of corticosteroids due to its antifungal effects on
Cryptococcus [145].

Management of Increased Intracranial Pressures in Patients
with CM

Elevated intracranial pressure plays a critical role in the initial management of HIV-
associated CM and improvement clinically and microbiologically [146]. Patients
with severe CM often have CSF opening pressure >250 mm, acutely worsening
brain edema, and possible development of CSF outflow obstruction [147]. Increased
intracranial pressure may cause uncal herniation, tonsillar-cerebellar herniation, or
compression of the midbrain [1]. During the early phase of treatment, controlling
the increased intracranial pressure may be critical with external drainage by repeat
lumbar punctures and ventricular or lumbar drains [148]. Hydrocephalus in patients
with CM can be managed safely with placement of ventriculoperitoneal (VP) shunt
even with positive CSF cultures [149]. Corticosteroids should only be used in
patients with concomitant increased intracranial pressure and IRIS and not without
IRIS [150].

Salvage and Adjunctive Inmunomodulating Therapy

The use of adjunctive corticosteroids during initial combination antifungal treat-
ment of CM was associated with increased disability, adverse side effects, and
decreased rates of fungal clearance of CSF [150]. Stopping corticosteroids in SOT
recipients is recommended to optimize immunity [83]; however, discontinuing cal-
cineurin agents was associated with IRIS owing to the synergistic activity of
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calcineurin inhibitors with antifungals against Cryptococcus [151]. The HIV-
negative, apparently immunocompetent host may develop CM due to virulent
strains; however, ruling our subtle immunodeficiencies (as outlined in Table 5.1) or
idiopathic lymphopenia is recommended [152].

Adding sertraline to AmB and fluconazole has been associated with increased
rates of CSF fungal clearance and less IRIS incidence and relapse [153]. Mycograb®
which is a humanized Ab against heat shock protein 90 (hsp90) was shown to syn-
ergistically render AmB fungicidal and mirror the effects of 5-FC on the killing of
C. neoformans [154]. Cytokine therapy with IFN-y improved the fungal CSF clear-
ance of Cryptococcus without increased adverse events [155]. Also, GM-CSF may
enhance the anti-cryptococcal activity of monocytes and neutrophils in HIV patients
[156, 157]. In addition, a new oral tetrazole, cytochrome P51 (CYP51) inhibitor
Viamet 1129 showed potent in vitro activity against C. neoformans and C. gattii in
animal models and may be used for fluconazole-resistant isolates [158, 159].

Screening and Prevention of CM

The goal of this approach is early diagnosis of HIV patients at high risk of develop-
ing CM through early detection of CrAg in the blood [106], detectable at median of
22 days before CNS symptoms [160]. The 100% negative predictive value supports
its use in screening and preemptive fluconazole in CrAg-positive patients [2, 161].
In fact, the World Health Organization (WHO) supports its use in screening ART-
naive HIV patients with CD4* count <100 cells/pL and high prevalence of crypto-
coccal antigenemia (>3%) [106, 162].

Research Gaps

Despite the use of combination therapy with AmB and 5-FC, CM mortality remains
significantly high [30]. Many agents with potential antifungal properties remain
under investigation [152]. A vaccine against cryptococcal GXM-tetanus toxoid con-
jugate was developed and elicited protective antibodies in mice [163]; however,
human trials are yet to be conducted. The use of monoclonal antibodies could be
promising but is to be further investigated and may require repeated injections [164].
Viamet 1129 is a new oral azole-like agent and may be promising but needs to be
evaluated clinically. Further investigations of subtle immune deficiencies that predis-
pose apparently immunocompetent hosts to cryptococcal infections may lead to the
discovery of new agents and new mechanisms to better target and treat Cryptococcus.
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Challenges in Tuberculous Meningitis

Jeffrey R. Starke and AndreaT. Cruz

Tuberculosis continues to be one of the most important infectious diseases in the
world. Although 85% of tuberculosis cases occur in the lungs, 15% of cases occur
outside of the respiratory system, with the central nervous system (CNS) being the
second most common site of extrathoracic involvement. Children are more prone to
extrapulmonary tuberculosis in general and to CNS tuberculosis because of their
relative inability to contain the infection. Although tuberculous meningitis is uni-
formly fatal if untreated, early detection, combined with appropriate medical and
surgical intervention, can lead to greatly improved outcomes for many patients.
Tuberculous meningitis is the most common form of CNS tuberculosis, but tuber-
culoma, an inflammatory mass in the brain, is common in certain areas of the world
[1]. In some developing countries, tuberculomas are the most common cause of
mass-occupying CNS lesions, and Mycobacterium tuberculosis is the most com-
mon cause of bacterial meningitis [2].

Epidemiology

It is estimated that in 2016 10.4 million people developed tuberculosis disease in the
world, with approximately 1.8 million associated deaths [3]. Tuberculosis cases in
children are grossly underestimated because of the difficulty in obtaining microbio-
logic confirmation from young children. Many children with CNS tuberculosis are
misdiagnosed as having a “bacterial meningitis.” It is not known how many cases of
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CNS tuberculosis actually occur, but 10-15% of children <2 years of age with
untreated tuberculosis infection develop tuberculous meningitis.

There are two separate risk factors for developing tuberculosis disease. The first
is the risk of becoming infected with M. fuberculosis, which depends on the per-
son’s chance of coming into contact with a person with contagious tuberculosis. In
many developing countries, infection rates of 3—5% per year are common so that the
majority of young adults carry infection with M. tuberculosis. It is estimated that
one third of the world’s population is infected, serving as reservoirs for future dis-
ease cases. For children, the likelihood of becoming infected with M. tuberculosis
depends on the risk factors of the adults in their environment, because children
rarely are contagious. Most children are infected in the home, but outbreaks of
childhood tuberculosis centered in elementary and high schools, nursery schools,
day care homes, churches, school buses, and stores still occur [4].

The second risk factor is the likelihood of developing disease after infection has
occurred. A variety of medical conditions increase an infected person’s chance of
developing disease, especially conditions that suppress the immune system.
Corticosteroids and tumor necrosis factor-a antibodies are the major classes of
drugs that increase the risk of infection progressing to disease. For adults with
tuberculosis infection, the most important risk factor for the development of tuber-
culosis, including CNS tuberculosis, is coinfection with HIV. Adults who are
infected with both HIV and M. tuberculosis have a 5—10% annual chance of devel-
oping tuberculosis disease, and adults with immune systems that have been dam-
aged by HIV are more likely to develop CNS tuberculosis. The HIV epidemic has
had a profound effect on the epidemiology of tuberculosis among children by two
major mechanisms. First, HIV- infected adults with pulmonary tuberculosis may
transmit M. tuberculosis to children, some of whom will develop tuberculosis dis-
ease, including meningitis. Second, children with HIV infection are at increased
risk of experiencing progression from tuberculosis infection to disease and develop-
ing CNS tuberculomas as a complication of immune reconstitution inflammatory
syndrome (IRIS). Unfortunately, both pulmonary and CNS tuberculosis in HIV-
infected adults and children can be similar in clinical presentation to many other
opportunistic infections that are common in this population. In general, adults and
children living with HIV infection in an area endemic for tuberculosis who develop
severe acute CNS disease should be given empiric antituberculosis chemotherapy
until a definite diagnosis can be established.

Pathophysiology

The portal of entry for M. tuberculosis is the lung in more than 95% of cases. During
the development of the lesion in the lung, bacilli escape via the bloodstream and
lymphatic systems to infect many other parts of the body, most commonly the api-
ces of the lungs, liver, spleen, lymph nodes, and meninges. This dissemination can
involve either large numbers of bacilli, which leads to disseminated tuberculosis
disease, or small numbers of bacilli that cause asymptomatic microscopic
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tuberculous foci scattered in tissues, including the meninges, which can be the ori-
gin of CNS tuberculosis that occurs years to decades later.

It was initially thought that tuberculous meningitis was a direct result of infec-
tion of the meninges from organisms spread through the blood [5]. Patients with
HIV infection and tuberculosis have a higher incidence of tuberculous meningitis,
including occult meningeal disease. This observation may be a result, at least in
part, of the finding that up to 40% of patients with HIV infection and severe
immune suppression have detectable mycobacteremia associated with their tuber-
culosis disease, increasing the likelihood of meningeal seeding. On the other hand,
pathologic studies performed in the 1930s showed that tuberculous meningitis can
occur without disease in other parts of the body; meningitis may be absent in the
most extreme cases of disseminated bloodstream tuberculosis; and introduction of
large numbers of bacilli into the bloodstream of susceptible laboratory animals
invariably produces bloodstream tuberculosis but fails to cause tuberculous menin-
gitis [6]. From these observations, investigators postulated that tuberculous menin-
gitis usually arises in two stages. First, tuberculous lesions form in the brain or in
the meninges from the blood-borne dissemination of bacilli early in the infection.
Meningitis develops by discharge of bacilli from a subjacent focus directly into the
subarachnoid space. This may explain why tuberculous meningitis is extremely
rare in infants younger than 6 months of age: it takes at least 6 months for the
lesion to develop. Rarely, a tuberculous lesion develops in the spinal cord or arises
from a site of tuberculous spondylitis or a skull lesion. Second, proteins and other
chemicals from the organisms leak into the cerebrospinal fluid (CSF), producing
an intense immune reaction not unlike the reaction to a tuberculin skin test. As a
result, inflammation occurs around the brain and meninges. This inflammatory
reaction may damage nerves, block the circulation of CSF, and thrombose small
blood vessels producing multiple cerebral infarcts. The type and extent of CNS
lesions that follow this discharge of organisms and proteins into the CSF depend
on the number of bacilli, their virulence, and the inflammation caused by the
immune response of the host.

Several basic pathological mechanisms are responsible for the damage and
symptoms caused by tuberculous meningitis. Initially, a thick exudate fills the cis-
terns. This exudate surrounds the base of the brain, affecting the cranial nerves and
the major blood vessels at the base. The brain tissue underlying this exudate devel-
ops a variable degree of edema. As the exudate enlarges, circulation of CSF is
blocked, and some degree of hydrocephalus is usually present in patients with
tuberculous meningitis who have survived more than several weeks. The blockage
occurs most frequently in the basal cisterns or around the outflow foramina of the
fourth ventricle; it rarely occurs between the third and fourth ventricle causing
aqueductal stenosis. At the same time, the inflammation causes vasculitis involving
large, medium, and small arteries as well as veins emanating from the circle of
Willis. Partial or complete occlusion of the arteries—most often the middle and
anterior cerebral arteries—may be seen, and the venous sinuses may become throm-
bosed. These vascular changes result in ischemic damage or infarction that occa-
sionally is hemorrhagic. These infarctions may be superficial but often include the
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basal ganglia or hypothalamus and watershed areas. In children, infarction of the
brainstem also has been observed.

The pathogenesis of tuberculomas is incompletely described. They may origi-
nate from a small area of necrosis surrounded by some very large cells that form in
or just below the cortex of the brain. These lesions continue to enlarge and aggre-
gate, producing a nodule. The bacilli stimulate a local immune reaction, with result-
ing edema and continued inflammation in the surrounding brain. Occasionally,
these lesions may stimulate extensive necrosis, causing a tuberculous brain abscess.
Patients with tuberculous brain abscess become ill very rapidly and usually require
immediate surgical intervention for survival.

Clinical Manifestations

Prior to the development of treatment for tuberculosis, tuberculous meningitis had
a progressive course that inevitably resulted in death. However, during the past
four decades, the clinical presentation has become increasingly varied, and atypi-
cal cases are now more common, particularly in developed countries [7, 8]. The
clinical manifestations in an individual depend on the degree of severity of the
basic pathological processes: the thick basilar exudates (resulting in cranial nerve
palsies and hydrocephalus), vasculitis (resulting in infarct and focal neurological
deficits), allergic reaction to antigens of the organism, cerebral edema (causing
impaired consciousness and seizures), and the presence of tuberculomas. It is inter-
esting to note that the organism genotype, drug resistance pattern, coinfection with
HIV, and BCG immunization status do not consistently change the clinical
manifestations.

Early diagnosis of tuberculous meningitis is notoriously difficult and delayed
because the clinical onset is often gradual, occurring over 1-3 weeks [9, 10]. As a
result, the presentation is subacute, and neck stiffness, the classic sign of acute men-
ingitis, is usually lacking during the early stages. Unfortunately, early diagnosis and
rapid initiation of treatment are the most important factors for determining the clini-
cal outcome. Rarely, the onset is abrupt and marked by convulsions or rapid pro-
gression of neurological deficits.

The natural history of TB meningitis was described in the prechemotherapy era
and was divided into three stages. The first stage is characterized by personality
change, irritability, anorexia, weight loss, listlessness, fever, and general ill health,
but no focal neurological findings on examination. Infants and toddlers in this stage
often lose developmental milestones. These nonspecific signs and symptoms are
differentiated from more common and less serious illnesses by their persistence and
usually can be recognized as caused by tuberculous meningitis only in retrospect.
After 1-2 weeks, the second stage begins with drowsiness, stiff neck, cranial nerve
palsies (especially of cranial nerves III, VI, and VII), papillary abnormalities, vom-
iting, and convulsions. In some patients, headache and vomiting are the major com-
plaints until a devastating neurological event occurs. In many cases, children present
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to medical attention repeatedly and may be misdiagnosed as having more common
acute conditions [4, 7]. The second stage of tuberculous meningitis may be heralded
by a sudden onset of focal neurological deficits and stroke. Hemiplegia may occur
at the onset of disease or at a later stage but usually correlates with ischemic infarc-
tion in the territory of the middle cerebral artery. Quadriplegia occurs only in
advanced cases after bilateral infarctions or severe generalized edema has occurred.
Monoplegia is uncommon and is caused by a small vascular lesion that occurs at an
early stage of disease. Rare cases of tuberculous meningitis are dominated early by
abnormal movements such as choreiform or hemiballistic movements, athetosis,
tremors, myoclonic jerks, or ataxia due to infarcts in the basal ganglia or thalamus.
In addition, a variety of neurological and psychiatric syndromes have been described
in association with tuberculous meningitis in older children and adults: acute-onset
somnolence, transient amnesia, psychosis, and agoraphobia. Tuberculous encepha-
lopathy is restricted to children and characterized by convulsions, stupor, or coma
without signs of meningitis. The third stage of tuberculous meningitis is character-
ized by coma or stupor, irregular pulse and respirations, rising fever, and, eventu-
ally, death. Papilledema may be seen but is not a universal finding. Once the classic
signs and symptoms of tuberculous meningitis have appeared, the diagnosis is eas-
ier to establish but the outcomes are far worse [11].

A tuberculoma usually presents with the symptoms and signs that occur with any
intracranial space-occupying lesion. The clinical picture depends on the size and
location of the tuberculomags), the amount of associated inflammation and edema,
and the pressure they produce on adjacent structures. Headache, seizures, paralysis,
personality changes, and focal neurological problems occur frequently. Children are
more prone to developing infratentorial lesions, so ataxia and sudden onset of severe
neurological dysfunction are more common. Children also are more likely to
develop a single tuberculoma, whereas multiple and supratentorial tuberculomas
are more common in adults. Small tuberculomas can be clinically silent, discovered
only by neuroimaging, especially if the inflammatory reaction is minimal or
suppressed.

Tuberculosis-related IRIS of the CNS is often a life-threatening complication
caused by the interactions of HIV and M. tuberculosis and their respective therapies
[12-15]. “Unmasking” IRIS occurs when previously unrecognized tuberculosis
infection suddenly arises after starting antiretroviral therapy (ART), while “para-
doxical” IRIS occurs when new or worsening signs and symptoms of CNS tubercu-
losis develop in a patient already under treatment for tuberculosis in whom ART was
recently started. The most common manifestations are neck stiffness, symptoms
caused by new intracranial and/or spinal mass lesions, radiculomyelitis, new onset or
worsening of hydrocephalus, visual impairment, and seizures, which can be focal or
generalized. Tuberculosis-related IRIS appears to be more common in adults than
children, and associated mortality is up to 30% in adults [16]. The optimal time to
initiate ART in a patient with HIV-associated CNS tuberculosis is unknown; how-
ever, it appears that the timing of the start of ART makes little difference in
mortality.
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Diagnosis: Some General Principles (Box 6.1)

Box 6.1 Major Challenges and Research Needs in Diagnosis

* The initial signs and symptoms are nonspecific and mimic common less
severe conditions, making early diagnosis difficult. Their persistence is
characteristic of tuberculous meningitis.

e In children, tuberculous meningitis often arises within weeks to a few
months after infection. The source case often has not yet been diagnosed
so the exposure history is “negative.”

e The tests of tuberculosis infection, acid-fast stain, and PCR of the CSF are
often negative, and the correct diagnosis is not considered.

e CSF cultures for M. tuberculosis are positive in fewer than 50% of cases in
most series, meaning diagnosis cannot be confirmed microbiologically and
drug susceptibility results are not available.

* All of these difficulties are greater when patients also have immune com-
promise, especially poorly controlled HIV infection.

e There currently are no biomarkers or patterns of biomarkers that improve
the diagnosis of CNS tuberculosis.

* Neuroradiology is essential to support the diagnosis of tuberculous menin-
gitis in most cases but is often unavailable in high-burden settings. The key
to early diagnosis is often clinical presentation and suggestive neuroradiol-
ogy findings (basilar enhancement, hydrocephalus, evidence of ischemia,
or stroke).

* Standardized methods of diagnosis should be utilized across studies to
enhance the quality and comparability of tuberculous meningitis studies
[17-19].

Diagnosis is often delayed in industrialized nations, as the lower incidence of tuber-
culosis results in clinicians having a low index of suspicion for the disease. As a
general rule, any child or adult who presents with basilar meningitis without an
obvious cause and one or a combination of stroke, cranial nerve abnormalities, or
hydrocephalus should be considered to have tuberculous meningitis until proven
otherwise; antituberculosis chemotherapy should be started immediately while the
workup is in progress.

Establishing the diagnosis of CNS tuberculosis is often difficult because detect-
ing the organism is not easy. One key to establishing the diagnosis is often finding
another focus of tuberculosis disease, such as pulmonary tuberculosis. Many adults
with CNS tuberculosis have a normal chest radiograph, but over 90% of children
with meningeal tuberculosis have an abnormal chest radiograph showing adenopa-
thy, pulmonary infiltrates, or atelectasis caused by the bronchial obstruction that is
a classic sign of childhood tuberculosis. Differences in the utility of chest radio-
graphs between children and adults may be explained at least partly by the incuba-
tion period. In children, there is a very short time between infection and the
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development of tuberculosis meningitis, and insufficient time has passed to heal the
lung parenchyma or for adenopathy to have resolved. In adults, tuberculous menin-
gitis may be caused by reactivation of a remote infection, and the chest radiograph
is more likely to be normal. At any age, the combination of meningitis and an
abnormal chest X-ray should suggest the diagnosis of tuberculous meningitis.
Because tuberculous meningitis tends to be an early complication of tuberculosis
infection in children, the infected patient may have had recent contact with an adult
with contagious tuberculosis. However, because of the short incubation time of
tuberculous meningitis in children, the contagious person may not yet have been
diagnosed. Whenever tuberculous meningitis is suspected, it is critical to evaluate
the adolescent and adult contacts of the patient immediately to determine if any of
them have evidence of contagious pulmonary tuberculosis. Some hospitals rou-
tinely screen adults accompanying children with suspected tuberculosis by chest
radiograph. This strategy prevents potentially contagious adults from nosocomial
transmission of the bacteria and allows for rapid referral for medical evaluation; it
also may help assist in the diagnosis of the ill child.

General Laboratory Evaluation

Most patients with tuberculous meningitis have a normal complete blood count and
differential. Basic blood chemistries are often normal, although hyponatremia can
be seen secondary to either the syndrome of inappropriate antidiuretic hormone
secretion or salt wasting. Serum chloride and bicarbonate may be altered due to
dehydration from decreased intake and emesis. The erythrocyte sedimentation rate
is elevated in up to 80% of cases of tuberculous meningitis, but this is a nonspecific
abnormality.

Tests of Tuberculosis Infection

The tuberculin skin test is used to determine if a patient has been infected with M.
tuberculosis. A small amount of purified protein derivative is injected into the upper
layer of the skin. A positive result is induration (firmness) or blistering that occurs
48-72 h after placement of the test; erythema alone should not be considered posi-
tive. Reactions of various sizes may occur, but the larger the reaction, the more
likely it is caused by infection with M. fuberculosis. However, when evaluating a
child for possible tuberculous meningitis, any induration in response to a tuberculin
skin test should be considered significant. Unfortunately, up to 50% of adults and
children with tuberculous meningitis have a negative tuberculin skin test at the time
of diagnosis. Therefore, a positive tuberculin skin test can be very helpful in diag-
nosing tuberculous meningitis, but a negative tuberculin skin test never eliminates
tuberculosis as a cause of disease.

Interferon-y release assays (IGRAs) are also tests of infection that measure the
immunological response to M. tuberculosis antigens [20]. In contrast to the
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tuberculin skin test, IGRAs contain only two or three proteins found primarily in M.
tuberculosis and only a few nontuberculous species, increasing the specificity of the
test; there is no cross-reaction with the BCG vaccine. The sensitivity of IGRAs is
similar to that of the tuberculin skin test for most forms of tuberculosis disease.
However, when evaluating a patient for tuberculous meningitis, optimizing sensitiv-
ity is critical, and any test (tuberculin skin test or IGRA) being positive should be
considered. Often, a positive IGRA or tuberculin skin test may be the first specific
evidence that a patient has tuberculosis. To maximize sensitivity, we routinely
obtain a tuberculin skin test and send both commercially available IGRAs licensed
in the United States (QuantiFERON [Qiagen, Inc., Hilden, Germany] and T-
SPOT.TB [Oxford Immunotec, Abingdon, United Kingdom]) in patients in whom
we suspect tuberculosis disease, particularly CNS disease.

Cerebrospinal Fluid Examination

Lumbar puncture reveals an elevated opening pressure in most cases of tubercu-
lous meningitis. The CSF is usually clear and colorless but may show a pellicle or
clot on standing. There is usually a moderate degree of pleocytosis not exceeding
500-1000 cells/mm?®. Although polymorphonuclear cells may predominate early
in the course, a change to a predominance of lymphocytes develops fairly quickly.
However, an abundance of neutrophils may predict a poorer outcome and increased
tendency for IRIS to occur. The lumbar CSF protein concentration is usually in
the range of 100-500 mg/dl, but can be much higher. Simultaneously obtained
ventricular CSF may have a normal cell count and protein because the fluid is
obtained proximal to the inflammation. The protein concentration may increase as
the disease progresses and may increase suddenly—to several gm/dl—if spinal
block occurs because of obstruction of the outflow of CSF. Initial protein concen-
trations higher than 300 mg/dl correlate with a poor prognosis in adults. The CSF
glucose concentration initially is in the low-normal range but declines steadily as
illness progresses. One study of adults with tuberculous meningitis demonstrated
that low levels of CSF glucose and high levels of lactate were associated with
mortality. The measurement of adenosine deaminase levels in the CNS might be a
useful adjunctive test to suggest the diagnosis of tuberculous meningitis; the
reported sensitivities have ranged from 50% to 70% and the specificities from
60% to 90%, but inconsistencies in study methodology have made the results dif-
ficult to interpret [21].

Microbiology, Biomarkers, and Genetics

Microscopic examination of the spinal fluid for M. fuberculosis organisms, using an
acid-fast stain, is the most important procedure for the early diagnosis of tubercu-
lous meningitis. The frequency with which organisms are seen varies widely but
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depends on the amount of CSF that is sampled and the time devoted to searching for
the organisms. The auramine-rhodamine (Truant) fluorescent stain is the most sen-
sitive. Some studies have demonstrated organisms in more than 90% of consecutive
cases of tuberculous meningitis in adults, but most studies have shown a far lower
percentage, particularly in children. The gold standard for the diagnosis of tubercu-
lous meningitis is to isolate M. tuberculosis in culture from the CSF. In most series
of tuberculous meningitis, the organism has been isolated from the CSF in 10-50%
of patients depending on the quantity of fluid cultured and the laboratory facilities.
A negative CSF culture never rules out tuberculous meningitis. Gastric aspirate cul-
tures are positive in up to 20% of children with CNS tuberculosis. Polymerase chain
reaction (PCR) and other nucleic acid amplification tests performed on CSF, includ-
ing GeneXpert MTB-RIF (Cepheid, Sunnyvale, California), have sensitivities of
50-85% and specificities of 88—100%, respectively, when compared with CSF stain
and cultures [22, 23]. As with most tests, a positive result is valuable, but a negative
result never excludes tuberculous meningitis [24].

Because of the difficulties in directly detecting M. tuberculosis, there is increas-
ing interest in developing biomarkers both for diagnosis and to detect or monitor the
degree of inflammation. While there are many specific proteins and transcriptional
patterns in the CSF, no specific diagnostic biosignature of tuberculous meningitis
has yet emerged. However, some patterns of biomarkers have been associated with
intensity and type of inflammation and neuron cell damage; these markers may
ultimately help predict and monitor anti-inflammatory therapy and establish prog-
nosis for neurologic function [25]. There is also growing interest in host genotypes
[26]. As one example, a single nucleotide polymorphism in the leukotriene A4
hydrolase (LTA4H) promoter influences the balance between proinflammatory leu-
kotriene B4 and immunosuppressive A4; in tuberculous meningitis, this polymor-
phism is associated with bacterial load, inflammatory cell recruitment, patient
survival, and response to anti-inflammatory therapy.

Neuroradiology

The findings on neuroimaging mirror the pathology described previously [27, 28].
Although a computed tomography (CT) scan cannot definitely establish the diagno-
sis of tuberculous meningitis, it is useful to rule out other diseases in patients who
have an obscure illness, or evidence of increased intracranial pressure or general-
ized or focal neurological deficits, and to identify patients in need of prompt neuro-
surgical or enhanced medical intervention [29]. The most common imaging feature
seen in CNS tuberculosis is hydrocephalus, noted in 80-100% of patients. The most
sensitive radiologic feature (89%) is basal enhancement on a contrast-enhanced CT,
with thickened meninges in the basilar areas of the brain. The most specific feature
(almost 100%) is the presence of high density within the basal cisterns on a noncon-
trast CT. Additional findings suggestive of tuberculosis include vasculitis and
thromboses causing ischemia, often visible as areas of radiolucency, particularly
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when located in the basal ganglia or near the Sylvian fissure. The hydrocephalus
that occurs with tuberculous meningitis may increase as the patient improves; this
is not a poor prognostic sign but may need to be treated with a CSF shunt or acet-
azolamide [30]. Magnetic resonance imaging has some advantages over CT in the
evaluation of tuberculous meningitis because it allows better visualization of the
exudate in the basilar cisterns and smaller infarcts in strategic locations such as the
brainstem [31]. It also is better for identifying miliary leptomeningeal tubercles
present in most patients with tuberculous meningitis [32].

Neuroimaging is important in monitoring the appearance and evolution of
tuberculomas which usually present as one or several mass lesions surrounded by
edema. The lesions are relatively avascular. The neuroradiological images of tuber-
culoma are nonspecific; diagnosis is usually established by biopsy or strong epide-
miological or other clinic evidence of tuberculosis. These lesions can develop in
patients with tuberculous meningitis who are being adequately treated [33]. With
increased use of MRI, more patients have been recognized as having tuberculomas;
in some case series, almost two thirds of adults with tuberculous meningitis have
tuberculomas on presentation, and up to three quarters have them when imaged
2-3 months after starting therapy [34]. These so-called paradoxical tuberculomas
develop after chemotherapy is started. It is thought that the development of these
lesions represents an immunological phenomenon caused by inflammation as
organisms are killed and proteins are released into the surrounding tissues, and is
one form of IRIS.

Additional imaging should include chest radiographs, which are abnormal in
>80% of children with CNS tuberculosis. The most common findings include hilar
adenopathy (33%), infiltrates (33%), and miliary disease (20%).

Differential Diagnosis

While the diagnosis of tuberculous meningitis is often difficult in previously normal
hosts, the difficulties are increased in patients with immune compromise, especially
HIV infection, as other opportunistic infections can mimic tuberculosis [35-37].
The differential diagnosis of tuberculous meningitis includes fungal (e.g., crypto-
coccal) meningitis, viral meningoencephalitis (e.g., cytomegalovirus), and nonin-
fectious processes such as CNS lymphoma, meningeal metastases, and sarcoidosis.
Rare infectious diseases that may present a clinical picture similar to that of tuber-
culous meningitis include leptospirosis, brucellosis, cat-scratch encephalitis (bar-
tonellosis), toxoplasmosis, and infection due to Naegleria. Additional considerations
are focal parameningeal infections such as brain abscess, cancer, sarcoidosis, and
meningitis or encephalitis that result from embolic complications of infective endo-
carditis. CNS vasculitis can mimic tuberculous meningitis. The differential diagno-
sis of tuberculomas includes infectious (abscesses, septic emboli, fungal balls) and
noninfectious (primary and metastatic malignancies) causes of mass-occupying
lesions.
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Management and Treatment (Box 6.2)

Box 6.2 Major Challenges and Research Needs in Management and Treatment

As cultures are positive in only about 50% of cases, drug susceptibility
results also are unknown for half the cases, meaning significant drug resis-
tance is often missed in locales with a high prevalence of drug-resistant
tuberculosis.

Although ethambutol is part of the WHO-recommended regimen for initial
treatment of tuberculous meningitis, it penetrates into the CSF poorly.
Most experts prefer a different fourth drug, classically ethionamide or ami-
kacin, and more recently a fluoroquinolone.

Rifampin also penetrates poorly into the CSE. Emerging evidence has
demonstrated improved outcomes using larger doses of rifampin,
20-30 mg/kg/day, with no increase in adverse drug effects.

Outcomes are generally poor with traditional management. Clinical trials
in adults have suggested that when a fluoroquinolone, usually moxifloxa-
cin, is included in the initial regimen, the outcomes are improved.
Management of acute hydrocephalus is critical. While ventriculostomy
and ventriculoperitoneal shunts provide immediate relief, medical man-
agement using acetazolamide and furosemide also can be effective.

There is increasing emphasis on the management of the inflammation of
CNS tuberculosis. Corticosteroids sometimes have limited effectiveness
and a large number of potential adverse effects. More specific therapies
aimed at specific cytokines or other mediators of inflammation are needed.
Thalidomide has shown great potential to decrease inflammation and even
restore vision in some children.

The prognosis of tuberculous meningitis is extremely variable and difficult
to predict. Recent work on neurologic biomarkers and specific genetic
alleles has demonstrated some predictive associations, but much more
work is needed.

Management of multidrug-resistant tuberculous (MDR-TB) meningitis is
extremely challenging as many second-line drugs do not penetrate well
into the CSF. In addition to fluoroquinolones, linezolid has been identified
as a very useful drug for MDR-TB meningitis.
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Despite the use of effective antituberculosis drugs, morbidity and mortality rates
from tuberculous meningitis remain high throughout the world [38]. Early death
and poor clinical response are usually due to failure to recognize the disease and
begin appropriate antituberculosis chemotherapy and manage the inflammation in
the early stages. Because it is difficult to isolate the organism in a patient with tuber-
culous meningitis, initial therapy is usually empirical based on the clinical, labora-
tory, and radiographic data. It is important to start therapy before the diagnosis is
proven because any delay may worsen the outcome substantially.
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The four drugs used most often to treat drug-susceptible tuberculosis are isoniazid,
rifampin, pyrazinamide, and ethambutol. While isoniazid and pyrazinamide penetrate
well into the CSF, rifampin and ethambutol do not [39]. The penetration of many anti-
tuberculosis drugs is enhanced by meningeal inflammation. Pyrazinamide and isonia-
zid penetrate into the CSF in the presence and absence of meningeal inflammation, and
their use has significantly improved the prognosis of tuberculous meningitis. There is
emerging evidence that the traditional rifampin dose of 10-15 mg/kg/day, maximum of
450-600 mg, is inadequate, and many experts now recommend using rifampin doses
of at least 20-30 mg/kg/day, maximum of 1200 mg or higher. There is no evidence that
the major adverse reactions to rifampin are dose-dependent. The selection of a fourth
drug is problematic as no comparative controlled trials have been conducted. A fourth
drug likely has little influence on outcomes of drug-susceptible tuberculous meningitis
but may be beneficial when the organism is resistant to isoniazid. Ethambutol has poor
CSF penetration, and even though its use is recommended in several guidelines, includ-
ing those of the World Health Organization, consideration should be given to replacing
this drug in the initial regimen with either oral ethionamide or a fluoroquinolone or an
injectable agent such as amikacin in patients with suspected tuberculous meningitis.

There are few clinical trials of the treatment of tuberculous meningitis because
the condition is rare in places where clinical trials can be performed. Early studies
showed that treatment with isoniazid and rifampin for 12 months was generally
effective in patients with drug-susceptible tuberculous meningitis. Recent studies
have shown that when pyrazinamide has been added to the regimen for the first
2 months, a 6-9-month course of therapy with isoniazid and rifampin is curative
[40, 41]. Unfortunately, the incidence of drug-resistant tuberculosis is increasing in
many areas of the world. In the United States, as many as 10% of M. tuberculosis
isolates are resistant to at least one antituberculosis drug, and rates of drug resis-
tance may be as high as 30—40% in other areas of the world. Treatment of drug-
resistant tuberculous meningitis is challenging and outcomes are far worse even in
the most experienced and technically advanced centers [42]. Experts recommend
that four antituberculosis drugs be given in the initial regimen for tuberculous men-
ingitis in adults and children; the fourth drug provides additional coverage in the
event the patient has an isoniazid-resistant organism. The three drugs that are virtu-
ally always used are isoniazid, rifampin, and pyrazinamide. A fourth drug tradition-
ally was chosen from among ethionamide or injectable agents (amikacin,
capreomycin, kanamycin, or streptomycin). Recent clinical trials among adults with
tuberculous meningitis have demonstrated mixed outcomes when the initial treat-
ment regimen included high-dose rifampin and a fluoroquinolone, either moxifloxa-
cin or levofloxacin, along with isoniazid and pyrazinamide [43—45]. The four-drug
regimen may be narrowed after drug susceptibility testing is available if the patient
is responding well to therapy. Assuming a drug-susceptible M. tuberculosis isolate
is found, pyrazinamide may be stopped after 2 months, and the fourth drug (e.g.,
injectable agent or ethionamide) may be stopped when a pansusceptible isolate is
found. Isoniazid and rifampin are continued to complete a 6-9-month course.

The optimal medical treatment of tuberculoma has never been established.
Superficial tuberculomas may be treated by surgery or the combination of surgical
excision and chemotherapy. However, many tuberculomas have been cured with
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medical therapy alone. Most experts recommend an initial three- or four-drug regi-
men with a total length of treatment of 9—12 months.

Tuberculous meningitis may present with signs of increased intracranial pressure
due to hydrocephalus. When acute hydrocephalus develops, insertion of a ventricu-
lostomy may be lifesaving [46]. In industrialized countries, hydrocephalus is most
often managed by placement of a permanent ventriculoperitoneal shunt (VPS) or a
temporary endoscopic third ventriculostomy (ETV) [47]. Studies have implied that
the risk of recurrent hydrocephalus is lower with VPS, but the ETV is associated with
fewer long-term complications, especially in patients with HIV coinfection [48]. In
many high-incidence countries, the hydrocephalus is managed medically using acet-
azolamide with or without furosemide for 4-6 weeks. There have been no controlled
clinical trials comparing outcomes of medical versus surgical management.

While antimicrobial therapy of tuberculous meningitis has received almost all of
the previous attention, it is becoming clear that management of the inflammation is
also critically important and often inadequate [49]. Corticosteroid therapy has been
routinely recommended for patients with tuberculous meningitis, although large con-
trolled studies of the effectiveness of corticosteroid therapy are not available [S0-52].
Auvailable evidence examined in a recent Cochran study suggests that corticosteroids
reduce cerebral edema and inflammation, reduce mortality, lead to more rapid radio-
graphic resolution, and improve outcomes and mortality in non-HIV-infected per-
sons; unfortunately, there seems to be little benefit for people who also have HIV
infection [53]. Most experts have agreed that it is best to use corticosteroids early in
treatment, especially if the diagnosis has been reasonably established and the
patient’s condition is critical [34]. Corticosteroids should never be administered to a
patient with suspected tuberculous meningitis without also starting antituberculosis
therapy. Corticosteroids are usually given for 3—-6 weeks and then tapered over a
period of several weeks as the patient improves. All forms of corticosteroids (dexa-
methasone, prednisone, prednisolone, and hydrocortisone) seem to be effective.
Corticosteroids also are used in the management of CNS manifestations of IRIS.

Other anti-inflammatory agents have been studied. Aspirin has antithrombotic
and anti-inflammatory properties. While a trial in adults with tuberculous meningi-
tis showed a significant reduction in mortality at 3 months with the use of aspirin
[54], a study in children demonstrated no benefit in mortality but did seem to limit
development of hemiparesis [55]. Thalidomide has been used in trials involving
South African children who had evidence of extreme inflammation, often in response
to the large number of organisms found in tuberculous abscesses of the CNS [56,
57]. In these patients, there is a strong CNS cytokine response often including tumor
necrosis factor-o [58, 59]. Thalidomide has improved outcomes in children with
life-threatening tuberculous mass lesions, including those arising during IRIS, when
corticosteroids have been inadequate to control the inflammation; it seems to be
particularly helpful when there is visual compromise caused by optochiasmic arach-
noiditis [56, 57, 60, 61]. The anti-TNF-a biologic agent infliximab has been used to
reduce IRIS in two patients with neurotuberculosis [62].

The current mortality rate of tuberculous meningitis with adequate therapy is
10-20% in developed countries, but it may be as high as 30-40% in developing
countries. In general, the prognosis is worse for infants and the very old,
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immunocompromised patients, malnourished patients, patients with associated dis-
seminated disease, and patients who present with increased intracranial pressure.

The prognosis of meningitis correlates somewhat with the clinical stage of dis-
ease when antituberculosis chemotherapy is started [63—65]. The majority of
patients diagnosed and treated in stage 1 have a normal outcome. Unfortunately, few
patients are diagnosed at this stage. The majority of patients diagnosed in stage 3
will either die or have severe neurological sequelae. Some patients diagnosed in
stage 2 have a good outcome, whereas others have persistent neurological deficits,
sometimes severe. Some residual physical or cognitive deficit has been reported in
10-50% of young children with tuberculous meningitis. Visual and auditory impair-
ments are the most common sequelae. The frequency of motor deficits after tuber-
culous meningitis has been reported to be 10-25%. Seizures are common in the
early stages of the illness but are less common later, occurring in fewer than 10% of
patients. Global developmental delay and impairment of intellect and judgment,
dementia, or some degree of behavior or learning disorder are common problems in
patients presenting with stage 2 or 3 disease. Endocrinopathies may become evident
months or years after tuberculous meningitis. The most common forms cause obe-
sity, hypogonadism, sexual precocity, diabetes insipidus, and growth retardation.

Predicting which patients will have sequelae can be challenging [30]. Young age,
advanced state of tuberculous meningitis, presence of infarcts on CT at 1 month, and
Glasgow Coma Scale scores may correlate with neurodevelopmental and behavioral
outcomes [66]. The plasticity of the pediatric brain leads to many children having
better neurodevelopmental outcomes than one would anticipate. However, clini-
cians should be cautious about estimating future developmental capacity. Often, the
true developmental potential of a young child is not evident until they begin school.
As with any form of bacterial meningitis, children should receive audiologic screen-
ing prior to hospital discharge. In adult patients, the presence of seizures and coma
are predictors of mortality. Predictors of neurologic sequelae in this population
included cranial nerve palsies and hemiparesis and hemiplegia.

Prevention (Box 6.3)

Box 6.3 Challenges and Research Needs in Prevention

* BCG vaccines can prevent 50-80% of cases of tuberculous meningitis.
However, there may be large variation in effectiveness among the various
available strains of BCG, but this is largely unstudied. BCG vaccine rates
are suboptimal in many high incidence locales. New, more effective tuber-
culosis vaccines are needed.

* Most children who develop tuberculous meningitis do so rapidly—within
weeks to a few months—after acquiring the infection. While treatment of
recent tuberculosis infection is extremely effective in preventing tubercu-
lous meningitis, it is not carried out in most high-burden settings. Contact
tracing and treatment of children less than 5 years of age who are asymp-
tomatic household contacts is recommended and should be carried out.
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CNS tuberculosis will continue to occur as long as untreated tuberculosis infection
occurs in adults and children. In the United States, the major methods of preventing
tuberculosis infection and disease center on the public health activities of contact tracing
with tests of tuberculosis infection. Identifying recently infected persons, particularly
infants and toddlers and immunocompromised persons of all ages, and rapidly treating
them are the best ways to prevent additional cases of tuberculosis in all its forms.

In many areas of the world, treatment of tuberculosis infection is not available.
All countries of the world except the Netherlands and the United States have used
BCG vaccines to prevent complications of tuberculosis infection, particularly in
children. While universal BCG vaccination is still undertaken in most high-burden
countries, the vaccination is more selective for specific high-risk groups in most
middle- to low-burden countries. This vaccine is not very effective for preventing
tuberculosis infection but is 50-80% effective in preventing serious forms of tuber-
culosis, such as meningitis, for at least 5 years after vaccination. Although BCG
vaccines have had little impact on the control of tuberculosis globally, they have
prevented countless cases of tuberculous meningitis, particularly in children, and
this vaccination remains a cornerstone of the World Health Organization tuberculo-
sis prevention programs. However, the disease will persist until a more effective
vaccine is discovered [67].
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Introduction

Brucellosis, also known as “undulant fever,” “Mediterranean fever,” or ‘“Malta
fever,” is an important human zoonosis and a major public health issue in many
parts of the world especially in the Mediterranean countries of Europe, North and
East Africa, the Middle East, South and Central Asia, and Central and South
America [1].

Among Mediterranean countries, it has been reported that Syria has 16,034 cases
followed by Iraq (2784), Turkey (2622), and the Kingdom of Saudi Arabia (KSA)
(2144) per million population [2]. Brucella are aerobic gram-negative intracellular
coccobacilli, four species of which are known to cause disease in humans, namely,
B. melitensis, B. suis, B. canis, and B. abortus. More recently, marine mammals
have been recognized as additional animal reservoirs for Brucella species with zoo-
notic potential. B. ceti and B. pinnipedialis are the newly proposed species names.

The most severe form is caused by B. melitensis that is predominant in KSA and
the Middle East. It is transmitted from animals indirectly via consumption of raw
milk and milk products, butchering of raw meat or directly by contact with livestock
(sheep, goat, camels), milking, and handling parturient of animals such as contact
with placenta membrane. In Al Medina region alone, the prevalence of brucellosis
was 2.6% and was shown to increase with age in rural communities and low socio-
economic status. The overall prevalence of brucellosis among livestock as assessed
by examining blood from a random sample of animals was estimated at 17.4% [3]. A
recently published study from KSA reported a significant reduction of incidence rate
from 22.9 in 2004 to 12.5 in 2012 per 100,000 persons for the total population [4].
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Clinical Manifestation

Brucellosis can involve any system of the body including the central nervous
system.

Most of the studies report that an element of CNS is involved in 4-13% of bru-
cellosis patients [5].

Neurobrucellosis (NB) is defined as isolation of Brucella species from CSF of
patients with suspected findings for brucellosis, or isolation of Brucella species
from bone marrow or blood cultures of patients with abnormal CSF findings, with
or without standard tube agglutination (STA) positivity of any titer in CSF with
abnormal findings [6].

In another series of 128 patients with laboratory-confirmed brucellosis and neu-
rological signs and symptoms, 48 (37.5%) were diagnosed with NB according to
any one of the following diagnostic criteria: (1) symptoms and signs suspecting NB;
(2) isolation of Brucella species from cerebrospinal fluid (CSF) and/or presence of
anti-Brucella antibodies in CSF; (3) the presence of lymphocytosis, increased pro-
tein, and decreased glucose levels in the CSF; or (4) findings in cranial magnetic
resonance imaging (MRI) or computed tomography (CT) [7].

Neurobrucellosis is a rare but severe complication occurring in about 5% of sys-
temic brucellosis. It poses a diagnostic challenge, often resembling a variety of
other neurologic disorders.

It can manifest in various forms, the most common being meningitis and/or
meningoencephalitis-meningomyelitis (acute, subacute, or chronic) and polyradic-
uloneuropathy with or without cranial nerve involvement (most often the eighth
nerve) which is subacute or chronic. Cerebrovascular accidents may present in the
following ways: transient ischemic attacks; occlusive episodes; venous thrombosis,
either sudden or progressive; thrombophlebitis of the brain and the eye; or sub-
arachnoid and intracerebral hemorrhage due to rupture of mycotic aneurysms.

The clinical picture may be much more subtle and often deceptive, resembling
demyelinating, multisystem degenerative, and other localized or diffuse central and/
or peripheral nervous system disorders. A patient with recurrent episodes of diplo-
pia and pyramidal symptoms would most likely direct diagnostic probabilities
toward multiple sclerosis, which is rampant in Saudi Arabia. Similarly, a young
patient with slowly progressive ataxia, polyradiculoneuropathy, and deafness is
most likely to suffer from a degenerative, probably inherited disease or may present
with Guillain-Barre syndrome. An obese young lady with papilledema and sixth
nerve palsy may suffer from benign intracranial hypertension, but CSF shows find-
ings of chronic meningitis, without overt clinical evidence.

In another young patient, with transient and recurrent alternating hemiplegia, NB
would be the most implausible choice in the diagnostic list of the experienced neu-
rologist. In addition, a patient with NB may appear with acute confusional episodes
or a motor neuron disease-like syndrome or a unilateral brachial neuropathy remi-
niscent of neuralgic amyotrophy. Other more common presentations may be due to
spinal nerve root and/or cord involvement secondary to spinal disc and bone infec-
tion (spodylodiscitis) [8].
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Studies from Saudi Arabia show that approximately half of clinically diagnosed
brucellosis patients have osteoarticular involvement with sacroiliitis, peripheral
arthritis, and destructive spondylitis as common presentations [9]. Clinical manifes-
tations and CSF abnormality are similar to tuberculosis, and NB must be kept in
mind when approaching patients with acute or chronic lymphocytic meningitis with
increased protein and low glucose level in CSF and risk factors of brucellosis [10].

Thwaites and Lancet scoring systems are widely used to aid clinicians practicing
in resource-poor countries to predict TB meningitis. Since Brucella meningoencepha-
litis is clinically and biochemically indistinguishable from TB meningitis, the validity
of Thwaites and Lancet prediction scoring systems was assessed in a large retrospec-
tive Turkish cohort where 294 confirmed Brucella meningoencephalitis patients were
compared to 190 cases of confirmed TB meningitis selected from Hydarpasa studies
database. Interestingly those scoring systems have falsely identified Brucella menin-
goencephalitis patients as TB meningitis; therefore, the authors concluded that
Brucella meningoencephalitis should be excluded by every diagnostic microbiologic
modality when such prediction systems suggest TB meningitis [11].

Further, it is important to think about the diagnosis of NB in patients with
subacute-chronic and obscure neurologic involvement, especially living in endemic
regions, because NB may potentially cause irreversible neurologic disability.

Diagnosis

The diagnosis of brucellosis is based on serological and microbiological laboratory
tests. Full blood count would reveal normal to low leukocyte counts. Minor changes
in liver enzymes are noticeable [12]. CSF shows pleocytosis with predominant
mononuclear cells. Elevated CSF adenosine deaminase (ADA) is suggestive of
Brucella meningitis but may also indicate TB meningitis. In a study by Karsen
et al., the mean ADA values in CSF of TB meningitis cases were 28.34 compared to
8.71 IU/L in Brucella meningoencephalitis. A cutoff value of 12.5 IU/L for the dif-
ferential diagnosis of TB versus Brucella meningoencephalitis has a sensitivity of
92% and a specificity of 88% [13].

In Brucella arthritis, leukocytosis with lymphocytic predominance is domi-
nant [12].

Microbial culture is the ideal method in making a diagnosis of brucellosis by
culturing the organism from blood, bone marrow, liver biopsy specimen, and/or
other body fluids or tissues [14, 15].

Serological tests detect antibodies to the antigens of Brucella species in blood.
The antigens include smooth lipopolysaccharide (S-LPS) and cytosolic protein. The
serological tests such as serum agglutination testing (SAT) and enzyme-linked
immunosorbent assay (ELISA) detect antibodies against the S-LPS antigen [16].

The Rose Bengal test (RBT) is a rapid, slide-type agglutination assay performed
with a stained Brucella abortus suspension at a low pH (3.6-3.7) and plain serum.
It is a simple and ideal screening test for small laboratories with limited resources
that is based on reactivity of antibodies against smooth lipopolysaccharide (LPS)
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[17]. The microagglutination test (MAT) is a variant of the SAT or ELISA recom-
mended for the serodiagnosis of brucellosis that is rapid and requires less volumes
of serum and reagents (antigen and serum) than SAT and can test multiple samples
at the same time but has high false-negative rates in complicated and chronic cases.

Coombs test is good for complicated and chronic cases but misses about 7% of
cases compared with ELISA [18].

Dipstick assay is a good test to detect IgM antibodies to S-LPS in brucellosis of
less than 3 months duration. IgM dipstick assay offers higher sensitivity and easier
manipulation than IgM ELISA to detect IgM antibodies to Brucella species and
improves the interpretation of results, thus establishing cutoff points. It could be
used as a rapid and simple alternative to the ELISA IgM for the serodiagnosis of
patients with acute brucellosis. The combined results of SAT and IgM dipstick
assays can provide an indication of the stage of disease for those patients, in whom
the onset of clinical manifestations is unknown [19].

The rapid slide agglutination test (RSAT) could be a suitable screening test for
the diagnosis of B. canis human brucellosis, and a supplementary technique, such as
ELISA, performed on all positive RSAT samples that were negative by B. abortus
antigen could ensure diagnostic specificity and confirm the diagnosis [20].
Immunochromatographic Brucella 1gM/IgG lateral flow assay (LFA), a simplified
version of ELISA, has a great potential as a rapid point-of-care assay. It has high
sensitivity and specificity for Brucella IgM and IgG. It is a rapid and simple diag-
nostic test for confirmation of brucellosis in an endemic area [21].

New Brucella markers can be detected by flow cytometry on CD4* and CD8*
cells in seronegative patients with brucellosis that can be utilized as a novel diag-
nostic test for the detection of brucellosis in seronegative individuals [22].

Brucella immunocapture-agglutination test (Brucellacapt), which is based on
sandwich ELISA system, is performed with Coombs antiserum and determines the
three antibodies that form against Brucella (IgM, IgA, 1gG). The advantage of this
test is that it shows existence of blocking antibodies that is a reason for a false nega-
tive test by SAT and RBT. At a cutoff value of 1/160 and 1/320, Brucellacapt sensi-
tivity is 95-100% and has a specificity of 55-59%. It is useful to diagnose disease
in patients with long-standing evolution of brucellosis and in the follow-up of treat-
ment; therefore it is considered as a second-level serological test [23].

Molecular Diagnosis of Brucellosis

Standard PCR has excellent sensitivity for the diagnosis of acute and relapsed cases
of brucellosis where serology is often negative [19, 24]. It can be applied on blood,
serum, or synovial fluid. The standard PCR assays include one pair of primers
which is used to amplify the target genomic sequence of Brucella spp. Pairs used
include the primers for sequences encoding 16S rRNA, outer membrane protein
(omp2a, omp2b, and omp31), 31 kDa immunogenic Brucella abortus protein
(BCSP 31 B4/B5), 165-23S ribosomal DNA interspace region (ITS66/1TS279),
and insertion sequence (IS711).
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Real-time PCR seems to be highly reproducible, rapid (final result in 30 min),
sensitive, and specific. Additionally, the risk of infection in laboratory workers is
minimal. Samples that have been tested by real-time PCR include cultured Brucella
cells, serum, blood, and paraffin-embedded tissues. The IS711-based assay was the
most sensitive, specific, efficient, and reproducible method to detect Brucella spp.

Several multiplex PCRs have been reported which identify the genus Brucella at
the species and partly at the biovar level using different primer combinations [21,
24, 25].

It has a great utility in chronic and atypical cases. The most interesting use of
multiplex PCR is that it simultaneously detects Brucella spp. and Mycobacterium
tuberculosis complex in countries where both diseases are endemic. The procedure
targeted the IS711, besp31, and omp2a genes for Brucella spp. and the 1S6110,
senX3-regX3, and cfp31 genes for M. tuberculosis complex.

Angiography is used for detection of vascular changes. Neurophysiologic elec-
tromyographic and nerve conduction studies are reserved for cases with peripheral
and cranial nerve involvement [26].

Neuroimaging

A recent multicenter study has evaluated 263 adults with NB and reviewed their CT
and MRI images. They categorized the finding into five groups. Group 1 had normal
CT and MRI (143 patients, 54.3%), and group 2 had inflammatory changes (72
patients, 27.4%), diffuse inflammation (59 patients) including leptomeningeal
involvement (44 patients), basal meningeal enhancement (30 patients), and local-
ized inflammation (24 patients), in the form of cranial nerve involvement (14
patients), spinal nerve root enhancement (8 patients), brain abscess (7 patients),
granuloma (6 patients), and arachnoiditis (4 patients); 11 patients had co-existent
diffuse inflammation. Group 3 had white matter abnormalities (32 patients, 12.2%)
and demyelinating lesions (7patients), while group 4 had vascular insults (42
patients, 16%), of which 37 patients had chronic cerebral ischemic changes, two
patients had acute cerebral ischemia, two had subdural hematomas, and one patient
had a subarachnoid hemorrhage. Group 5 had cerebral edema/hydrocephalus (48
patients, 18.2%), and 20 patients (7.6%) had hydrocephalus; cerebral edema was
seen in 40 out of 263 patients (15%), while coexistent cerebral edema and hydro-
cephalus were seen in 12 patients. The authors concluded that diffuse inflammation
is the primary neuroimaging abnormality which is most commonly seen with longer
duration of symptoms, higher CSF protein, lower CSF/serum glucose ratio, and
with the presence of polyneuropathy or radiculopathy on clinical examination [27].

Focal cord expansion and poorly delineated increased signal in spinal cord on
T2 W images may be seen in case of myelopathy due to involvement of spinal cord.
In Brucella spondylitis, the lumbar spine is the most commonly involved site, par-
ticularly the L4-L5 and L5-S1 junctions. In the majority of patients (98%), a soli-
tary lesion was identified. However, the incidence of multiple site involvement has
been reported as high as 9-30% in some studies. Abscess formation has become a
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common finding (21-42%) following the development of highly sensitive diagnos-
tic techniques such as CT and MRI [26].

Among 20 patients with spondylodiscitis, it was complicated with paravertebral
or epidural abscess in seven, radiculitis in six, and psoas abscess in five of cases [28,
29]. The demonstration of IgG/oligoclonal bands in CSF and serum is a rapid test
which can be used as an important index in the diagnosis of NB at the time of pre-
sentation, as it may be confused with CNS infections with mycobacteria, trepo-
nema, or fungi [30].

Treatment and Prevention Challenges

The optimal drug treatment and duration are both controversial. The treatment of
central nervous system complications of brucellosis poses a special problem because
of the need to achieve high concentrations of drugs in the CSF. Although doxycy-
cline is the best among tetracyclines in penetrating the blood-brain barrier, it is
recommended to add other drugs which achieve this, such as rifampicin or co-
trimoxazole in the treatment regimen of patients with NB [1].

Some studies showed the benefit of adding third-generation cephalosporin such
as ceftriaxone in NB as it achieves concentrations in CSF higher than the MIC
against Brucella species. In the Istanbul study, adult patients treated for NB were
retrospectively reviewed in 28 healthcare institutions from four different countries.
It was found that ceftriaxone-based regimens are more successful in terms of less
clinical failure and relapse, and they require shorter therapy than the oral treatment
protocol alone [31].

The usual span of treatment is as short as 6—-8 weeks up to 18 months if patients
have residual disease [32].

Although adding steroids in NB has not been proved to be consistently benefi-
cial, adjunctive corticosteroid therapy has been used for concurrent vasculitis or
demyelinating disease [33].

In a series of patients with spondylitis, antibiotic regimens included two or three
antibiotics with combination of doxycycline, rifampin, and streptomycin. The mean
duration of antimicrobial therapy was 18 weeks (range 12-56 weeks). Prolonged
duration of treatment is important especially in complicated cases in order to avoid
possible sequelae [28, 30].

Doxycycline, 100 mg twice daily, for at least 12 weeks combined with streptomy-
cin, 1 g daily, for the first 2 or 3 weeks remains the first choice of antibiotic therapy
in Brucella spondylitis [29, 30]. The use of streptomycin in CNS brucellosis is dis-
couraged owing to its questionable ability to penetrate into the cerebrospinal fluid
and its potential neurotoxicity that may perplex the clinical presentation [32, 33].

The Saudi Pediatric Infectious Diseases Society recommends treating NB in
children above 8 years with doxycycline and trimethoprim-sulfamethoxazole
(TMP-SMX), while for those younger than 8 years, rifampicin, TMP-SMX, and
ciprofloxacin for 3—6 months up to 1 year in complicated cases. Gentamicin is
added in the initial 14 days with the option of adding ceftriaxone in the initial
24 weeks [34].
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There are no randomized trials for brucellosis in pregnancy. The most extended
series support the use of TMP-SMX alone or in combination with rifampicin [35].

Surgical intervention should be carried out in NB if indicated as in other CNS
infections. The challenge lies in establishing guidelines for diagnosis and treatment
as each case is unique and the clinical manifestations vary from individual to indi-
vidual. Not all forms of NB are the same nor they carry a similar prognosis. Relapses
are also not unusual. Further adverse effects due to drug therapy or due to the com-
plications of the disease itself needs careful monitoring over a period of time. Early
clinical and laboratory diagnosis followed by ideal and prompt treatment for ade-
quate period of time is indispensable to prevent lifelong residual deficits.

Establishment of National Brucellosis control program is recommended not only
for KSA but also for all endemic regions. Animal husbandry should be properly
practiced.

Detailed information on frequency and distribution of infection is required to
estimate cost effective options for control.

Consumption of raw milk should be avoided in all age groups until regular
screening services can be provided.

Strategic vaccination of ruminants combined with public health education pro-
grams may help in controlling the disease.

Through national and international collaboration well-designed epidemiological
studies should be conducted to bridge the gap in the management of brucellosis
[36].

Importation of Brucella spp. especially into non-endemic areas, or areas which
have achieved recent control of both animal and human brucellosis, may have pub-
lic health repercussions, and timely recognition is essential [37]. In pediatric brucel-
losis cases, family history has been reported in 33% of cases in Turkey. So screening
of family members when a patient with brucellosis is diagnosed is very important
[38]. Effective vaccines are currently available and it is important to find means and
resources for their effective use in resource-poor countries in conjunction with sus-
tained control efforts that incorporate local farming practices, dietary habits, and
traditional beliefs [39].

Mixing different herds of animals together should be avoided as this practice
facilitates the transmission of disease among animals. The government should stress
the screening of animals, the vaccination of seronegative animals, and slaughtering
diseased ones. A collaborative team to implement a brucellosis control program
should be arranged and maintained among the concerned government sectors
including the Ministry of Health, the Ministry of Agriculture, the Custom
Department, and the Municipal Department [34].

Indeed, with such extraordinary advancement in healthcare system and general
awareness, brucellosis should be eradicated from this region.

Conclusion

Zoonotic brucellosis remains widespread and neglected in many areas despite
notable advances in science, technology, and management in the nineteenth and
twentieth centuries [40].
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Neurobrucellosis is not readily identified because of its variable picture and
must be prioritized in the list of differential diagnosis of any neurological disor-
der in patients living in or returning from endemic area.

Diagnosis depends on keen awareness of possible infection and a thorough
occupational and travel history. A definitive diagnosis requires isolation of the
organism by culture of blood, CSF, bone marrow, or other clinical samples.
However, a diagnosis of brucellosis is often made serologically, most frequently
by standard tube agglutination measuring antibody to B. abortus antigen or
ELISA, which is more sensitive and specific. The mortality rate of brucellosis is
very low (0.1%) and is associated with late diagnosis and late therapy, espe-
cially when Brucella affects the central nervous system, resulting in meningitis
or cerebral abscess. Therapeutic intensity is obviously higher in focal disease,
some cases requiring surgery and/or a longer duration of antibiotic therapy.
Combination antimicrobial therapy with more than two agents for a prolonged
duration that may extend to 6-9 months is necessary to control NB and prevent
relapse.

Patients with persistent symptoms following extended antibiotic therapy, for
whom focal disease or relapse have been ruled out pose a difficult clinical man-
agement problem. This disabling syndrome, sometimes called chronic brucello-
sis, is similar to chronic fatigue syndrome and must be treated symptomatically
[41].Since there is no human vaccine and no significant human-to-human trans-
mission, control of animal brucellosis, milk pasteurization, and other food
hygiene measures are the only options to reduce its occurrence in humans. The
challenges and opportunities for brucellosis management must be recognized as
fundamentally multivariate, multifaceted, and integrative; it is crucial for veteri-
nary, public health, and wildlife/conservation professions to collaboratively
develop, adopt and declare brucellosis one health paradigm [40].
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Introduction

West Nile virus (WNV) is a mosquito-borne illness found worldwide, with manifes-
tations ranging from asymptomatic infection to neuroinvasive disease (WNND),
characterized by encephalitis, meningitis, and acute flaccid paralysis. First isolated
in Uganda, the virus has spread globally, and transmission has now been docu-
mented on all six inhabited continents. The public health impact of WNYV is consid-
erable, with greater than six million people estimated to have been infected in the
United States alone. This vector-borne disease is propagated in nature between the
mosquito vector and birds, while horses and humans act as incidental, dead-end
hosts. Diagnostic tests are widely available, but detection of antibodies, antibody
cross-reactivity with other flaviviruses, and virus isolation in biological samples
continue to pose challenges to clinical diagnosis. With limited treatment options and
no FDA-approved vaccines, decreasing one’s personal vector exposure is the most
effective way to prevent disease. This widespread disease continues to be an annual
public health threat, resulting in high morbidity, prolonged sequelae, and excessive
mortality, thus warranting further study to improve diagnostics, treatments, and pre-
vention to increase patient quality of life.
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Epidemiology

First isolated in 1937 in the West Nile district of Uganda, WNV was one of the
first arthropod-borne viruses (arboviruses) to be identified [1]. Since the mid-
1990s, there has been an increase in human and equine outbreaks coinciding to
large culling of avian populations [2]. WNV was first detected in North America
in 1999, during an epidemic of meningoencephalitis in New York City [3].
Following its introduction into North America, a rapid geographic spread
occurred between 2000 and 2004 followed by annual outbreaks in endemic areas
[4, 5]. To date, millions are estimated to have been infected with WNYV in the
United States [6]. Similar rapid geographic expansions have been documented in
other naive populations globally. Diagnosis of human WNYV cases is complicated
by the potential for cross-reactivity in regions where other flavivirus infections
are endemic: dengue virus in South America, Kunjin virus in Australia, Japanese
encephalitis in Asia, and St. Louis encephalitis in North America. Cost estimates
indicate that up to $400,000 are spent caring for each individual suffering from
WNV sequelae [7]. With a robust vector range and sustained annual transmission
internationally, this infection continues to present a significant health concern.

Transmission

Culex sp. mosquitoes are the principal vectors of WNV, with Culex pipiens (north-
ern United States), C. quinquefasciatus (southern United States), and C. tarsalis
(western United States) the most common in the United States [8—10]. However,
these are not the only vectors, as the virus has been identified in at least 65 different
mosquito species [9-11].

Birds are the natural reservoir and amplifying host, with WNV identified in over
300 different species. WNV is maintained through a bird-mosquito-bird transmis-
sion cycle. Dead-end hosts, such as horses and humans, can be infected through the
bite of an infected mosquito but do not reach levels of viremia necessary for trans-
mission back to the mosquito population. However, WNV can be transmitted from
human-to-human through blood transfusions, organ transplant, intrauterine infec-
tion, and breastfeeding [12—16].

Transmission via organ transplantation was first reported in 2002 [17]. The same
year in Toronto, community-acquired cases revealed an increased rate of WNND
among transplant recipients (200/100,000 people) compared to the general popula-
tion (5/100,000 people) [18]. In addition, chronically immune-suppressed solid
organ transplant recipients have an increased risk for severe meningoencephalitis
compared to the general population [19, 20].

The first intrauterine infection of WNV was documented when an infected
mother gave birth to an infant with chorioretinitis and cerebral tissue damage [14].
Although the exact mechanisms involved in intrauterine infections remain unclear,
mouse models indicate that infection of placental trophoblast cells can progress to
infection of the embryo and that the timing of pregnancy plays a role [18]. Other
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infected mothers have given birth to children without defects, although there is one
report of premature birth [19, 21]. There is a clear risk of transmission between
mother and child, but the extent of the risk and associated outcomes require further
study. Multiple body fluids are potentially infectious during peak viremia, as docu-
mented by case reports of transmission from mothers to their infants via infectious
breast milk [22].

Viral Characteristics and Pathogenesis

WNV is a member of the family Flaviviridae, genus Flavivirus (Fig. 8.1).
Flaviviruses are positive-sense RNA viruses divided by their antigenic cross-
reactivity into different serocomplexes. WNV is a member of the Japanese encepha-
litis serocomplex, which also includes St. Louis encephalitis virus, Japanese
encephalitis virus, and Murray Valley encephalitis virus. The diversity of WNV
strains has been studied in great detail, with four lineages being described [23-25],
although lineage II strains are often attributed to severe neuroinvasive disease. The
RNA genome is made up of structural genes C, prM, E, and nonstructural genes
(NS1, NS2A, NS2B, NS3, NS4A, NS4B, and NS5). These genes play different
roles in the virus life cycle, virulence, and pathogenicity of infection.

Methods of immune evasion increase the pathogenicity of WNV. WNV enhances
viral replication once in the host by blocking type-I interferons and evading the
antiviral activity of IFN-stimulated genes (ISGs) [26, 27]. NS1, NS2A, NS4B, and
NS5 may contribute to controlling this signaling cascade [28-30]. Interestingly, the
IFN-inducible gene 20,50-oligoadenylate synthetase (OAS) has been shown to pro-
tect against flavivirus infection [31-33]. OAS is involved in the RNA decay path-
way, known as the OAS/RNase L pathway, indicating it may promote antiviral
activity of the immune system. Polymorphisms of OAS1 have indicated an increased

Fig. 8.1 West Nile
virions. Digitally colored
transmission electron
microscope (TEM) image
of West Nile virions. Photo
credit: Cynthia Goldsmith.
Provided by

CDC/PE. Rollin
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susceptibility to WNV infection in horses and humans [34, 35]. Identification of
other viral and host factors that affect WNYV infection is critical to understanding,
preventing, and treating future infections.

Pathology of Infection

After a blood meal, the mosquito vectors initiate host responses that drive the spread
of infection. The mosquito injects saliva-containing virus within the dermis of the
host, where the saliva acts as a potent enhancer of the host immune response, caus-
ing inflammation and edema. This drives the recruitment of leukocytes that become
infected and allow for viral replication in additional target cells. Ultimately, virus
migrates to the lymph nodes [36, 37]. Once in the lymph tissue, additional viral
replication leads to viremia and infection of other organ systems (Fig. 8.2). Viremia
peaks 2—4 days after infection and declines by the time of symptom onset [38],
complicating the detection of viral particles for isolation and diagnosis. Viral persis-
tence has been described in the kidneys and CNS [39-45]; however, the exact
immune modulation is unknown.

Once in the brain, the virus directly infects neurons in nearly all regions but most
commonly in the basal ganglia, thalamus, and brain stem (predominantly the
medulla and pons) [46—48]. In cases of encephalitis and meningoencephalitis, the
gross appearance of the brain is normal. Neuronal death, necrosis, mononuclear
inflammation, and microglial nodules composed of lymphocytes and histiocytes are
observed microscopically [47, 49]. Leptomeningeal mononuclear inflammatory
infiltrates are present in cases of meningitis, with CD8 T lymphocytes the predomi-
nant inflammatory cell type in the nodules and infiltrates [48, 49]. Spinal cord infec-
tion primarily involves the ventral and dorsal gray and white matter, as well as the
nerve roots, most commonly affecting the spinal cord anterior horn cells [47, 49—
51]. Radiculitis caused by involvement of spinal and cranial nerve roots has also
been documented [52].

Exact pathogenesis of CNS invasion in humans is unknown. Originally, neuro-
virulence was thought to depend on initial viral spread prior to the establishment of
an immune response. Other theories include endocytosis into the CNS across vascu-
lar endothelium, as was previously demonstrated [53, 54], and CNS entry by infec-
tion of olfactory neurons, which are unprotected by the blood-brain barrier (BBB)
[55-57]. Other hypothesized entry routes include WN V-infected leukocyte migra-
tion through tight junctions; direct viral shedding through the choroid plexus, across
the cerebral endothelial cell to the brain parenchyma [58]; and transportation
through peripheral nerve axons in a retrograde fashion [55, 59]. Animal models sug-
gest viral entry into the CNS is facilitated by peripheral production of tumor necro-
sis factor alpha, leading to increased permeability of the BBB [60]. Highly
neurovirulent flaviviruses have been shown to exhibit an upregulation of genes
involved in IFN signaling, T-cell recruitment, MHC class I and II antigen presenta-
tion, and apoptosis [61, 62].
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Acute Clinical Features

Incubation time ranges from 2 to 14 days, with an estimated 80% of human cases
remaining asymptomatic. Approximately 20% develop West Nile fever (WNF),
generally a mild febrile illness [63, 64]. Less than 1% of patients progress to neuro-
invasive disease, which includes West Nile meningitis (WNM), West Nile encepha-
litis (WNE), and WNV-associated acute flaccid paralysis (AFP) [64, 65]. The
frequency of neuroinvasive cases varies based on region [66], with North Dakota
having the highest percentage of neuroinvasive clinical cases compared to febrile or
asymptomatic cases [67]. The inherent bias of syndromic surveillance reporting in
the United States makes it challenging to elucidate the exact percentage of neuroin-
vasive versus febrile or asymptomatic cases.

West Nile Fever

WNF can range from a mild flu-like illness to a severe, debilitating illness lasting
for months. Symptoms include headache, fatigue, fever, myalgia, chills, rash, and
emesis [64, 68, 69]. Most symptoms of acute infection resolve within days, but
some patients describe symptoms more than 6 months after infection [70]. It is theo-
rized that febrile patients with long-term sequelae may have presented with sub-
clinical neurologic disease that was misclassified upon initial examination. Rash
typically presents in younger patients, persists 5—14 days after symptom onset [71,
72], and is usually nonpruritic, morbilliform, and maculopapular over the torso and
extremities while sparing the palms of hands and soles of the feet [71]. Less com-
mon symptoms include eye pain, arthralgia, diarrhea, and lymphadenopathy [68,
69]. WNF has a higher incidence among younger individuals [68, 69] and females
[69] than the other clinical forms of disease.

West Nile Neuroinvasive Disease

Progressing from a general, febrile illness, WNND leads to severe symptoms and
death in approximately 10% of WNND cases. Previous serosurveillance studies
have found age to be the most important host risk factor for the development of
WNND [73, 74]. Advanced age greatly increases the risk of WNND, especially
encephalitis, with a risk of 1:50 in those 65 years or older [67]. Additional risk fac-
tors for WNND are found in Table 8.1, with hypertension, immune suppression, and
male gender being the most commonly reported after advanced age.

West Nile Meningitis

WNM clinically manifests with abrupt onset of fever, headache, nuchal rigidity, and
photophobia, but these symptoms are not distinguishable from other causes of men-
ingitis. Other symptoms include nausea, emesis, myalgia, muscle jerking, and trem-
ors [43, 44]. For patients with severe meningeal symptoms, some patients may need
hospitalization for pain control due to severe headaches or antiemetics and
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Table 8.1 Risk factors for WNND and mortality

Risk factors ‘ References

Neuroinvasive disease risk factors

Increased age [73-84]

Male sex [67, 73, 81, 82, 84]
Diabetes [77-79, 84]
Hypertension [77,78, 81, 84, 85]
Cardiovascular disease [77,78, 81]
Alcohol abuse [77-79]

Chronic renal disease [77, 78, 81, 83]
Chronic obstructive pulmonary | [77, 78]

disease

Solid organ transplant [17, 86]

Cancer [77, 78, 83]
Immunosuppression [79, 81, 83]
Chemokine CCRS receptor [87]

deficiency

SNP in the OAS1 gene [88]

Mortality risk factors [73-84]

Increased age (67,73, 81, 82, 84]
Neuroinvasive disease [77-79, 84]

Male sex [77,78, 81, 84, 85]
Hypertension [77,78, 81]
Diabetes [77-79]
Cardiovascular disease [77,78, 81, 83]
Chronic renal disease [77, 78]

Previous stroke [17, 82]

Chronic obstructive pulmonary | [77, 78, 83]
disease

Hepatitis C [79, 81, 83]
Alcohol abuse [87]
Immunosuppression [88]

Cancer [73-84]

Anemia on admission 167,73, 81, 82, 84]
Change in level of [77-79, 84]
consciousness

Chemokine CCRS receptor [77,78, 81, 84, 85]
deficiency

rehydration for nausea and vomiting [8§9]. WNM makes up the largest percentage of
WNND cases in younger age groups (age <65 years) [43, 44, 66].

West Nile Encephalitis

WNE can present with a wide range of symptoms, including those described in WNEF,
and with altered mental status (i.e., confusion, disorientation, and/or coma) lasting
more than 24 h, which is the primary clinical indicator for encephalitis. The most
common symptoms include fever (84-95%), altered mentation or somnolence (59—
100%), fatigue (27%), myalgia (27%), headache (41-83%), stiff neck (19-49%), rash
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(19-39%), vomiting (23-47%), diarrhea (19%), abdominal pain (17%), dizziness
(12%), blurred vision (12%), slurred speech (17%), and weakness (22-55%) [66, 85,
90]. An abnormal neurological exam is found in almost all patients [85]. Seizures
(10%), hypo- or hyperreflexia [44, 72, 75], neuromuscular weakness (59%), AFP
(13%), loss of consciousness (20%), and somnolence (23%) can occur, sometimes
requiring intubation and ventilator support for patient survival [85, 90]. Patients diag-
nosed with WNE have a mortality rate of approximately 15-18.6% [67, 68].

Acute Flaccid Paralysis

AFP occurs in 5-15% of patients with WNND, presenting as a poliomyelitis-
like (anterior myelitis) or a Guillain-Barre-like syndrome (GBS) [44, 91, 92].
Paralysis can present more symmetrically, sometimes resulting in quadriplegia
if there is extensive spinal cord involvement, and can be associated with are-
flexia or hyporeflexia without sensory deficits [44, 93, 94]. The poliomyelitis-
like presentation is the most common form of WNV AFP (84%) and is caused
by viral injury to lower motor neurons, leading to an asymmetrical paralysis and
possibly permanent weakness or paralysis [93]. Nerve conduction studies
revealed axonopathy with no significant demyelination [44, 95] or pronounced
anterior horn cell or motor axonal injury [90, 96]. Spinal MRI may reveal ante-
rior horn damage or ventral root enhancement [90, 93, 95]. Symptoms of AFP
usually develop abruptly, with pain presenting in affected limb prior to symp-
tom onset [44, 93, 97]. Approximately 80% of cases with AFP also present with
encephalitis or meningitis [93]. Parkinsonian-like symptoms and bowel/bladder
dysfunction have also been described [44, 96, 98]. When innervations to the
respiratory muscles are involved, including the diaphragm and intercostal mus-
cle, paralysis can result in respiratory failure. Consequential endotracheal intu-
bation may last for months [90, 93, 96]. MRI findings reveal enhancement of the
cauda equina and lumbosacral nerve roots and increased intensity of the spinal
cord [44, 46,97, 99, 100].

The Guillain-Barre-like presentation occurs less commonly (13%) [93] and
radiculopathy-associated WNV infection very rarely. Weakness associated with
the Guillain-Barre-like presentation is characterized by ascending and more sym-
metric weakness, pain in affected limb prior to weakness onset, and sensory and
autonomic dysfunction [93, 98]. Weakness onset and nadir appear to occur later in
the disease process compared to the poliomyelitis-like presentation [93], and
nerve conduction studies reveal a predominantly demyelinating sensorimotor
neuropathy [93].

Outcomes and Sequelae

Hospital stays are variable for those with WNV infection, but for WNND, this can
last from days to months, depending on the degree of impairment, and some patients
require discharge to long-term care or rehabilitation facilities [101, 102]. Among
those with WNND, only 25-68% patients are discharged home [79]. Case fatality
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ranges from 4.3 to 47.6% [44, 46, 66, 72, 74-77, 79, 80, 85, 90, 93, 97, 102-108]
and appears to be more common in the elderly [104] and among those with WNND,
especially WNE [106]. The most common sequelae are found in Table 8.2. Overall,
survival analysis indicates that recovery plateaus after the second year, with WNE
patients having the worst outcome [106].

Recovery of neurological deficits is variable among affected individuals, but per-
sistent weakness and functional disability are common, which usually requires
physical rehabilitation. Limb strength appears to improve within the first 6—8 months
[111, 118], and generally, those presenting with less weakness during clinical pre-
sentation have a more rapid and complete recovery of muscle strength [93]. Patients
presenting with WNE and over the age of 50 usually have a prolonged or poor
recovery time [106]. In the 1999 New York outbreak, only 37% achieved full recov-
ery at 1 year [110]. Some also report a possible occurrence of relapse or delayed-
onset of AFP symptoms from WNV infection [119]. Neuromuscular, depression,
and cognitive long-term outcomes have been noted several years postinfection, par-
ticularly among those with neuroinvasive disease [45, 100, 120]. Excessive mortal-
ity has also been documented among those in a Colorado cohort, in which those
diagnosed with WNV patients had 2.0 standard mortality ratios at 4 years postinfec-
tion, indicating two times greater prevalence of death than the average population
[78]. Individual prognosis for improvement is difficult to predict, but new evidence
for patient outcomes for WNND continues to emerge.

Ocular manifestations have also been identified in WNV infection, but ocular
involvement usually has a self-limited course. Bilateral multifocal chorioretinitis is
the most common ocular manifestation, occurring in nearly 80% of patients with
severe systemic disease, but other ocular findings include anterior uveitis, retinal
vasculitis, optic neuritis, and retinal scarring [116]. Retinopathy is seen more in the
elderly and those with encephalitis, and it is associated with a great likelihood of

Table 8.2 Common sequelae of WNV infection

Condition

References

Abnormal reflexes

[45, 109]

Altered mental status

[44, 104, 106, 110-112]

Ataxia

[93, 106, 111, 113]

Balance disturbance

(43, 112]

Debilitating fatigue

[43, 44, 106, 110-112]

Depression [43, 106, 110-112]
Dizziness [106, 110, 112]

Headache [43, 44,93, 106, 110-112]
Insomnia [43, 110, 112]

Language disorder

[112, 114, 115]

Myalgias and/or arthralgias

[43, 44, 106, 110-112]

Ocular manifestations

[43, 109, 116]

Renal insufficiency

[40, 85, 117]

Tremors

[43-45,93, 111-113]
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abnormal reflexes, poorer learning, greater dependence for activities of daily living,
and a lower quality of life [109].

Hepatitis [121], pancreatitis [122], myocarditis [123], autonomic dysfunction
[98], neuropsychiatric symptoms (depression, anxiety, and apathy) [106, 124], and
rhabdomyolysis [97] have also been attributed to WNV infection. Renal insuffi-
ciency has been noted in 12% of acutely infected WNE patients [125], and one
study observed that 40% of patients went on to develop chronic kidney disease
years postinfection, with neuroinvasive WNV being significantly associated with
any stage of chronic kidney disease based on multivariate analysis [40]. Studies
detecting viral RNA in human urine after infection have yielded contradictory
results [39, 126-130], but this may be due to the low levels of virus excretion, the
time points of urine collection, and the need for more sensitive diagnostic
methods.

Diagnosis

Diagnosis of WNV infection can be a challenging process, as the clinical symptoms
are generally nonspecific; however, seasonality can be an indicator based on peak
transmission, but incidence has been documented year-round in the United States
[131]. In 2003, clinical criteria for assessing patients with suspected WNND were
released [44]. For WNM, criteria include signs of meningeal inflammation, evi-
dence of acute infection characterized by fever or hypothermia, and/or CSF pleocy-
tosis. For WNE, criteria include encephalopathy defined by depressed or altered
consciousness, lethargy, and/or personality changes lasting at least 24 h and at least
two symptoms evident of CNS inflammation including fever or hypothermia,
increased peripheral leukocyte counts, CSF pleocytosis, acute demyelination, focal
neurological deficits, and seizures. AFP criteria include acute onset of limb weak-
ness with clear progression over 48 h, asymmetry of weakness, absence of pain,
numbness in affected limbs, CSF pleocytosis and raised protein levels, and/or spinal
cord MRI with increased signal in the anterior gray matter. Even with this informa-
tion on WNND criteria, many cases go unidentified.

Diagnosis requires recognition of a combination of clinical features and posi-
tive laboratory tests. If WNV is suspected, patient serum and/or cerebrospinal
fluid should be tested for IgM and IgG antibodies to WNV using an FDA-approved
enzyme-linked immunosorbent assay (ELISA). Generally, a patient being IgM*
and IgG™ can be an indicator of acute infection versus past infection; yet, extended
IgM antibody titers have been well documented within the first year postinfection
[132-135] and possibly up to 8 years postinfection [136]. Diagnostics are com-
mercially available in the United States, and some health departments offer refer-
ence testing for clinicians. Processing these samples can take up to 7 days if using
a referral laboratory, delaying a timely diagnosis while continuing unnecessary
empirical antibiotic and acyclovir treatment. In addition, antibodies may not be
present at the time of symptom onset for WNF cases. In fact, one study identified
that only 58% of WNF cases had detectable IgM levels when they presented to the
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clinic at the onset of symptoms [137]. Additional studies have identified that 90%
of WNND cases have detectable IgM antibodies in the CSF within 8 days of
symptom onset; however, there are rare accounts of patients that never develop
IgM antibodies [136]. The laboratory test most commonly used to detect WNV
antibodies is the IgM-capture enzyme-linked immunosorbent assay (MAC-
ELISA) [138], but other FDA-approved methods, like the lateral-flow IgM strip
assay, can provide rapid, simpler means of diagnosis with less training and instru-
mentation [139].

It is important to note that although detection of antibodies provides evidence of
WNYV infection, it can also be an indication of a cross-reaction with another endemic
flaviviruses, such as St. Louis encephalitis virus, dengue virus, Kunjin virus, and/or
Japanese encephalitis virus. Travel history should be considered to determine poten-
tial cross-reactive flavivirus species. To determine the specific flavivirus causing
infection, plaque reduction neutralization assays (PRNTSs) can be done in reference
laboratories. In some cases, PRNTSs can be used to diagnose an acute infection if a
fourfold or greater change is detected from acute and convalescent samples.
However, using PRNTs for acute infection can delay diagnosis as it can take at least
5 days to perform depending on the capacities of the laboratory. Other diagnostics
include viral cultures and PCR to detect virus in whole blood, serum, or CSF, but it
is unlikely that a patient would present with clinical disease when these samples
would still have detectable virus levels. Physicians should be aware that blood banks
in the United States test for viremia via polymerase chain reaction (PCR) in asymp-
tomatic blood donors, and patients might receive their blood bank results prior to
symptom onset. Detailed information regarding testing through reference laborato-
ries can be found on the CDC’s website.

Treatment and Prevention

Currently, there are no FDA-approved treatments or vaccines for WNV infections in
humans, although an equine vaccine is available. Current management focuses on
supportive care. Anecdotal reports of effective alternative agents have been reported,
including antiviral agents, immunomodulating agents, angiotensin-receptor block-
ers, and nucleic acid analogues. Given the lack of random controlled trials and var-
ied outcomesin case reports and animal models, there are no official recommendations
to use such agents in clinical practice [58, 140]. Ribavirin was used during an out-
break of WNV in Israel but was associated with a higher risk of death; however, this
experimental intervention was only used in severe cases [76]. The use of intrave-
nous immunoglobulin (IVIG) containing high anti-WNYV antibody in patients with
WNND led to improvement, even in cases where IVIG was administered several
days after onset of symptoms [141], but randomized, placebo-controlled trials are
lacking. The use of corticosteroids for WNND remains controversial, but previous
studies have shown intravenous steroids administered during acute infection may
have led to a shorter clinical syndrome with decreased recovery time [142] or a
decrease in mortality [79].
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Preclinical vaccines tested in animal models have explored the success of DNA-
vectored vaccines, live chimeric/recombinant vaccines, live-attenuated vaccines,
inactivated whole virus vaccines, and recombinant subunit vaccines [143]. DNA,
live chimeric, and recombinant subunit vaccines have made it to phase I and phase
II clinical trials, but when and if these will be licensed and available to the general
public remains to be seen. Tracking of the status of these vaccines can be done at
https://clinicaltrials.gov/.

Conclusions

Without a preventative vaccine or therapeutic options available, WNV will con-
tinue to be a significant threat to public health. WNV has resulted in more than
41,000 reported clinical cases of disease and more than 1900 deaths since its
introduction into the United States in 1999 [144]. It is estimated that greater than
three million people in the United States have been infected [6]. Although many
advancements have been made, many gaps in the understanding of the pathology,
diagnostics, management, and prevention of the WNV disease process still exist.
With continued study and research into these challenges, we can continue to
work toward the goal of controlling future epidemics and improving morbidity
and mortality associated with WNYV infections worldwide.
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Herpes Simplex and Varicella Zoster 9
Virus

Karen C. Bloch

Herpes simplex virus (HSV) and varicella zoster virus (VZV) are DNA viruses in
the family Herpesviridae, subfamily Alphaherpesvirinae. These viruses are com-
mon causes of human mucocutaneous infections and, although central nervous sys-
tem (CNS) infection occurs in only a minority of cases, are among the most common
causes of meningoencephalitis in the United States [1]. The spectrum of CNS dis-
ease for both HSV and VZV ranges from a mild, self-limited meningitis to fulmi-
nant and sometimes fatal encephalitis. While these viruses share many commonalities,
the epidemiology, clinical presentation, and, to some extent, treatment are distinct;
therefore HSV and VZV CNS infections will be discussed separately in this
chapter.

Herpes Simplex Virus Causing CNS Infection
Epidemiology

Herpes simplex virus (HSV) mucosal infection is common among adults in the
United States. Large cross-sectional studies among American teenagers and adults
have identified a seroprevalence of 54—68% for HSV-1 and 16-24% for HSV-2 [2, 3].
HSV-1 infection is frequently asymptomatic but may cause self-limited oro-labial
lesions (“fever blisters” or “cold sores”). HSV-2, typically spread through sexual
transmission, is associated with genital ulcers. Recently, however, this strict viral
tropism for specific mucocutaneous sites has been called into question. HSV-1 is
increasingly recognized as a cause of genital ulcers in younger patients, with trans-
mission in this population believed due to changing sexual practices and increased
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frequency of oral-genital intercourse [4]. Following acute infection, both HSV 1 and
2 survive latently in nerve tissue, allowing the potential for viral reactivation mani-
fested as asymptomatic shedding of virus or recurrent symptomatic infection.

While CNS involvement is an infrequent complication of HSV infection, HSV,
and in particular HSV-1, is a leading cause of meningoencephalitis. The incidence
of HSV encephalitis (HSE) is 1-1.2 cases/100,000 population [5], making this the
single most common cause of endemic encephalitis in the United States. HSV
encephalitis accounts for approximately 15% of all encephalitis cases, 74% of all
diagnosed viral causes of encephalitis, and 21.8% of all encephalitis deaths [5, 6].
In contrast, most cases of HSV meningitis are caused by HSV-2, accounting for
17-23% of cases of aseptic meningitis in adults [7, 8].

Pathophysiology

Neurologic infection with HSV can occur at the time of initial infection or with
reactivation of latent virus. Serologic studies indicate that HSE is associated with
acute HSV-1 infection in a third of cases and with reactivation in the remainder [9].
Following infection, the virus survives in a latent state in the trigeminal ganglion.
Travel of the virus retrograde via the trigeminal or olfactory nerves results in focal
infection of the adjacent temporal lobe [10].

In contrast, most cases of HSV-2 meningitis occur at the time of primary infec-
tion. Meningitis symptoms are present in 36% of women and 13% of men during
the initial HSV-2 genital infection [11]. Following primary infection, HSV-2 per-
sists latently in sacral ganglion and can cause aseptic meningitis either in associa-
tion with recurrent genital outbreaks or in the absence of visible genital lesions.

Risk Factors

An important, but unanswered question is why CNS involvement is relatively rare
given the ubiquity of HSV infection among adults. HSE has been anecdotally
reported in patients with HIV [12, 13] and those receiving anti-TNF alpha inhibitors
[14, 15], but the majority of patients with HSE are immunocompetent. There is an
increasing body of literature suggesting CNS malignancy, intracranial radiation,
and recent neurosurgical intervention may be risk factors for HSE [16-20]; whether
this is due to immunosuppression from concurrent chemotherapy or high-dose cor-
ticosteroid treatment is uncertain.

Reports of multiple family members with HSE or individuals with recurrent epi-
sodes of HSE support the possibility of a genetic predisposition for this disease.
Genetic mutations that effect the production or activity of interferon, particularly
defects in TLR3 function, have been identified as risk factors for HSE in childhood
[21, 22]. Studies in adults with HSE have also identified genetic mutations that
impair the innate immune response and likely contribute to an increased risk for
HSE [23, 24].
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Clinical Presentation of CNS Infections

Encephalitis

Herpes simplex viruses can cause a multitude of CNS syndromes, including enceph-
alitis, meningitis, myelitis, radiculopathy, cranial neuropathy, and acute retinal
necrosis. Outside of the neonatal period, >90% of HSE cases are caused by HSV-1
[25]. HSV-2 encephalitis typically presents with milder neurologic impairment and
does not display focal temporal lobe tropism [26].

The clinical presentation of HSE is generally subacute and nonspecific
(Table 9.1), precluding differentiation from other causes of meningoencephalitis at
presentation. Similarly, routine laboratory testing does not differentiate HSE from
other causes of encephalitis. The cerebrospinal fluid typically shows a lymphocytic
pleocytosis. CSF red blood cells may be elevated when there is significant paren-
chymal necrosis [27].

Neuroimaging studies showing unilateral or bilateral temporal lobe inflamma-
tion are suggestive of HSE (Fig. 9.1); however, this finding is by no means pathog-
nomonic. In a large prospective study of 251 cases of temporal lobe encephalitis, a
quarter of cases were caused by HSV-1, 19% by other infectious etiologies, and
16% by noninfectious causes; in the remainder (41%), no etiology was identified
[28]. MRI with diffusion-weighted images (DWI) is the most sensitive study for
detecting temporal lobe changes due to HSV infection, particularly early in the
disease course [29]. Immunocompromised patients may lack the classic temporal

Table 9.1 Clinical manifestations of herpes simplex and varicella zoster virus encephalitis

Variable ‘ HSV (% or value, range) ‘ VZV (% or value, range)
Signs/symptoms

Fever 80% (70-97) 45-90%
Altered mentation 72% (54-81) 70-82%
Headache 58% (42-70) 83%

Seizures 54% (35-65) 11-20%
Focal neurologic deficits 41% (26-79) 12-55%
Nausea and/or vomiting 40% (19-46) 31%

Aphasia or dysphasia 40% (12-65) 30%

Coma 33% (4-48) n/a
Meningismus 28% (13-38) 31-60%
Rash 0% 64-85%
Laboratory findings

CSF WBC/mm? 70 (5-500) 150 (0-1240)
CSF lymphocytes 80% (60-98) 82-86%
CSF protein mg/dl 80 (50-200) 99 (22-500)
Neurodiagnostics

Abnormal CT scan 50% (25-80) 75%
Abnormal MRI 95% 65%
Abnormal EEG 45% 92%

Adapted from Refs. [10, 27, 32, 62, 66]
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Fig. 9.1 MRI of patient with
HSE showing temporal lobe
enhancement on T2 FLAIR
imaging (Image courtesy of
Karen C Bloch, MD, MPH)
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lobe radiographic findings [30], and a high level of suspicion should be maintained
in this population.

Meningitis

In contrast to HSE, herpes meningitis is almost universally caused by HSV-2. The
presence of genital ulcers is often suggestive of this diagnosis, but these are present
in a minority of patients at the time of CNS involvement [31]. Patients with HSV
meningitis are significantly younger and significantly less likely to have medical
comorbidities than those with HSE; however, CSF findings between these two
groups are indistinguishable [32].

HSV-2 is a well-recognized cause of recurrent meningitis, sometimes termed
“Mollaret’s meningitis” after the pathologist who first described this condition. The
frequency of recurrence following an initial episode of HSV-2 meningitis ranges from
10% to 20% [31, 33] and may occur years after the initial episode of meningitis.

Diagnosis of HSV Meningoencephalitis

Laboratory confirmation of HSV meningoencephalitis is by direct detection of the
virus in the CNS. Historically this was performed by culture or staining of brain
tissue. Brain biopsy has been replaced by HSV PCR of CSF, which allows rapid
diagnosis through a minimally invasive procedure. In a seminal study comparing
HSV CSF PCR to brain biopsy, the sensitivity of the latter was found to be 98%),
with a specificity of 94% [34]. These performance characteristics hold true even
after 7 days of acyclovir therapy. False negatives may occur early in the course of
disease [35, 36]; therefore, when there is a high suspicion for HSE, continuation of
empiric therapy pending a repeat test on a CSF sample obtained 37 days later is
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indicated [37, 38]. CSF viral culture and intrathecal HSV serologic testing are quite
insensitive, and these studies are not recommended for diagnostic purposes [39].

Treatment

HSV is one of the few treatable viral causes of encephalitis, and the initiation of
empiric therapy with acyclovir is uniformly recommended for all patients with
encephalitis at the time of presentation [37, 38, 40—42]. Dosing of acyclovir for
adults with preserved renal function is 10 mg/kg intravenously every 8 h for
14-21 days [37, 40]. Higher doses (e.g., 20 mg/kg intravenously every 8 h) are asso-
ciated with improved outcomes in neonatal HSE, but have not shown a survival ben-
efit outside of this age group [27, 43]. Acyclovir resistance, while rare, has been
identified in both immunocompromised and immunocompetent patients with HSE,
and should be considered in patients who do not show clinical improvement on ther-
apy [44-46]. A recently published multicenter randomized controlled trial found no
clinical benefit among patients who received terminal therapy with a 3-month course
of oral valacyclovir following completion of parenteral acyclovir [47].

The use of adjunctive corticosteroids for HSE is an area of ongoing research. Case
reports have suggested improved outcomes when initiated in conjunction with anti-
viral therapy [48]. A clinical trial designed to investigate the efficacy of acyclovir
plus adjuvant therapy with 4-day course of dexamethasone versus placebo suffered
from inadequate enrollment and was not completed [49, 50]. Currently, a random-
ized controlled clinical trial, the DEX-ENCEPH study, is enrolling patients in Europe
in an attempt to answer this question. Pending publication of these results, most
authorities restrict the use of adjuvant corticosteroids to patients with a clear indica-
tion such as evidence of increased intracranial pressure or cerebral edema [10, 27].

Acyclovir therapy may decrease symptoms and hasten recovery in patients with
severe HSV-2 meningitis. However, unlike with HSE, there is no consensus on the
route or duration of antiviral treatment for this syndrome. A retrospective study of
60 patients hospitalized with HSV meningitis found no difference in the frequency
of adverse clinical outcomes among patients who received no antiviral therapy,
those who received solely oral treatment, and those who were treated with paren-
teral acyclovir [32]. In this study, the median duration of either oral or intravenous
antiviral therapy was 4 days. HSV-2 meningitis has been associated with sustained
neurologic impairment in immunocompromised individuals, and antiviral treatment
is recommended in this population [51].

Complications

Refractory or relapsing symptoms of encephalitis among patients with HSE has
long been thought to be due to recrudescent virus. However, more recently antibod-
ies against a neuronal protein, the anti-N-Methyl-D-aspartate receptor (NMDAR),
have been identified in patients with worsening symptoms despite appropriate anti-
viral therapy. It is hypothesized that HSV infection may serve as an antigenic



130 K. C.Bloch

stimulus for secondary development of these antibodies, causing a post-infectious
autoimmune encephalitis [52, 53].

These patients typically present with a bimodal illness, characterized by the
development of new or recurrent neurological symptoms 1-2 months following the
diagnosis of HSE and an initial clinical response to acyclovir therapy. There is sig-
nificant clinical overlap between these syndromes, although movement disorders are
more common with anti-NMDAR encephalitis and seizures with HSE [54]. Diagnosis
of anti-NMDAR encephalitis is through detection of serum or CSF antibodies in
patients with a compatible clinical presentation. Development of anti-neuronal anti-
bodies has been documented in up to 25% of patients following HSE in the absence
of symptoms, and the significance is uncertain in this population [55]. Identification
of post-HSE anti-NMDAR encephalitis is critical, as these patients typically respond
to treatment with immunotherapy rather than prolongation of acyclovir.

Outcomes

Untreated, the mortality of HSE approaches 70%, with the majority of survivors
experiencing severe neurologic sequelae [56]. Acyclovir therapy combined with
supportive neurocritical care has led to a decrease in the case fatality rate to 10-19%
[6, 47]. Delay in initiation of acyclovir, age >30 years, and Glasgow Coma Score
<10 at presentation have been identified as independent predictors of an adverse
outcome [57, 58]. Immunocompromise also appears to be a predictor of a poor
prognosis [30]. In contrast, HSV-2 meningitis is almost universally associated with
complete recovery, even in the absence of treatment [32].

Prevention

There is no commercially available vaccine to prevent herpes simplex virus, and
given the rarity of CNS involvement, prophylaxis is not indicated following muco-
cutaneous infection. A randomized controlled clinical trial evaluating secondary
prophylaxis with oral valacyclovir following HSV-2 meningitis found no difference
in the frequency of recurrence during treatment but identified a statistically signifi-
cant rebound effect after discontinuation of antiviral therapy [59]. Based on these
data, secondary prophylaxis following HSV meningitis is not recommended.

Varicella Zoster Virus Neurologic Infections
Epidemiology
Primary varicella infection causes chicken pox, which was a nearly universal infec-

tion of childhood prior to the availability of the live attenuated varicella vaccine in
1995. With the decline in the incidence of primary varicella infections, there has
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Fig. 9.2 Zoster cutaneous lesions (Photos courtesy of Patty Wright, MD). (a) Early lesions pre-
senting as clustered vesicles on an erythematous base. (b) Progression of infection with shallow
ulcerations in a dermatomal distribution

been a proportional reduction in the frequency of pediatric CNS disease due to
VZV. A cohort study from a large tertiary care pediatric hospital reported a decrease
in VZV-associated CNS admissions from 55 to 20 per 100,000 after the widespread
implementation of vaccination, with the majority of cases occurring in non-
immunized children [60].

Reactivation of latent VZV is associated with a vesicular skin eruption termed
herpes zoster or shingles (Fig. 9.2: PW). Immunization of adults >60 years of age
with the zoster vaccine is recommended by the US Advisory Committee on
Immunization Practices to decrease the risk of herpes zoster. Until recently, the
most widely available formulation of the herpes zoster vaccine was also a live atten-
uated virus; however, CNS infections have not been documented with zoster vac-
cine-associated strains of VZV, likely due to pre-existing host immunity limiting
neuronal spread [61]. A recent population-based study of patients hospitalized for
encephalitis in the United States found VZV accounted for <1% of encephalitis
cases hospitalized between 2000 and 2010 [6].

Pathophysiology

Following natural infection, the varicella virus persists latently in dorsal root and
cranial nerve ganglia. Reactivation of virus presents as herpes zoster, with eruptions
occuring in a unilateral dermatomal eruption, although dissemination may occur in
immunocompromised patients.

The exact mechanism of CNS infection with either primary VZV infection or
reactivation has not been elucidated. Virus is detectable in the CSF of most patients
with VZV meningitis and encephalitis, and these syndromes are therefore presumed
to involve direct infection of the meninges and brain parenchyma [62]. Conversely,
with VZV vasculopathy, infection of intracranial arteries with associated inflamma-
tory cells and intimal thickening has been demonstrated, and direct detection of
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virus in the CSF is uncommon [61]. Molecular typing has demonstrated intraparen-
chymal infection can occur with varicella vaccine-associated strains; therefore, a
history of varicella vaccination doesn’t preclude subsequent CNS infection
[62-64].

Risk Factors

Immunocompromise and advanced age are both independent risk factors for herpes
zoster eruptions and may also increase the risk of CNS infection [65]. In one case
series, 82% patients with VZV encephalitis were >60 years of age or immunocom-
promised, compared to 31% with VZV meningitis [62]. Genotyping of VZV iso-
lates from patients with meningoencephalitis has identified heterogeneous strains
causing CNS infection, arguing against a particularly neurotropic variant [62].

Clinical Manifestations

A diffuse or dermatomal vesicular rash in the presence of neurological symptoms is
suggestive of VZV CNS infection. However, caution should be used in attributing
causality, as zoster skin eruptions may be precipitated by other infections or ill-
nesses [37]. Similarly, the absence of cutaneous findings does not exclude this diag-
nosis, as skin findings may lag behind, or even be absent in up to 45% of VZV
encephalitis cases, a syndrome termed zoster sine herpete [62, 66]. In addition to
meningitis and encephalitis, VZV can cause a broad array of CNS manifestations,
including cerebellitis, myelitis, optic neuritis, acute disseminated encephalomyelitis
(ADEM), stroke, and vasculopathy [60, 62, 66, 67].

Encephalitis

Encephalitis may occur with either primary VZV infection or with reactivation of
latent virus. Often these can be differentiated based on the history and dermatologic
exam. A diffuse vesicular eruption is more consistent with primary varicella infec-
tion, although may also be seen with disseminated zoster, particularly in an immu-
nocompromised host.

Clinically, patients with VZV encephalitis resemble those with HSE (Table 9.1),
although skin lesions and elevated CSF RBC count are significantly more common
in the former group [32, 68]. In one case series, 40% of patients with VZV encepha-
litis exhibited cranial neuropathy [66], most commonly facial nerve palsy. Patients
with VZV encephalitis are often critically ill, with up to a third requiring intensive
care admission [66].

Neuroimaging with VZV encephalitis is frequently normal, and when abnor-
malities are detected, these are often nonspecific [60, 62]. VZV encephalitis may be
associated with vascular lesions on imaging, including vessel stenosis and intrapa-
renchymal or intraventricular bleeding [66]. Occasionally VZV causes localized
temporal lobe abnormalities on neuroimaging or EEG, mimicking HSE [62, 66].
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Acute Cerebellar Ataxia

A syndrome termed acute cerebellar ataxia, associated with ataxia and nystagmus,
occurs exclusively with primary VZV infection [69]. In one large pediatric case
series, acute cerebellar ataxia was the most common VZV-associated CNS compli-
cation, accounting for 31% of VZV-associated CNS hospitalizations [60]. These
patients have normal sensorium and therefore do not fit the case criteria for enceph-
alitis [38], although they have focal abnormalities on MRI including enhancement
of the posterior occipital and cerebellar regions.

Meningitis

VZV meningitis does not differ substantially from other forms of aseptic meningi-
tis. A history of cutaneous vesicular lesions in the preceding month is suggestive of
this diagnosis, with one study finding that patients with involvement of facial or
cervical dermatomes had a >5-fold increased risk for subsequent VZV meningitis
[70]. However, cutaneous lesions are absent in >50% of cases at the time of presen-
tation [62, 71], necessitating a high level of suspicion even in the absence of a com-
patible rash. CSF profiles are similar in patients with VZV meningitis, HSV
meningitis, and VZV encephalitis and are not useful in differentiating these syn-
dromes [32, 62, 72].

Vasculopathy

VZV has been associated with infection of the cerebral arteries, causing a variety
of vascular syndromes including vasculitis, vascular stenosis, aneurysm, and
strokes, collectively termed VZV vasculopathy. The clinical presentation of VZV
vasculopathy is often characterized by symptoms related to vascular ischemia or
hemorrhage. Differentiation from VZV encephalitis may be challenging as
altered mentation or focal neurologic deficits can be present in both syndromes
[65], and VZV parenchymal and vascular involvement may coexist, causing an
overlap syndrome [66]. VZV vasculopathy tends to have a subacute onset, and
neurological symptoms may persist for many years prior to diagnosis [73, 74].
Fever is uncommon and skin lesions and pleocytosis are absent in >1/3 of
patients, further obscuring the diagnosis [65, 75]. Abnormalities on neuroimag-
ing are almost universal with this syndrome, most commonly involving lesions at
the gray-white matter junction [61]. MRA or angiography is positive in up to
70% of patients, with involvement of both large and small cerebral arteries
reported [76].

Diagnosis

VZV infection is suggested by the presence of a characteristic skin eruption.
Scraping of cutaneous vesicles allows confirmation of VZV infection through
Tzanck stain, direct fluorescent antibody testing, or VZV PCR. However, zoster
may occur in the setting of other illnesses, and therefore testing of CSF is necessary
to confirm the diagnosis. Similarly, VZV CNS infection may occur in the absence



134 K. C.Bloch

of cutaneous lesions [62, 66, 71]. For this reason, encephalitis guidelines published
by the Infectious Diseases Society of America [37] and multiple international
groups [38, 40-42] recommend VZV PCR on CSF as part of the standard workup
for all patients with encephalitis.

Detection of VZV in the CSF by PCR is highly specific for CNS infection, but
the sensitivity of this test varies by syndrome. In a series of pediatric patients
with CNS complications of acute VZV infection, CSF PCR was positive in 83%
of meningitis cases, 25% of encephalitis cases, and 11% of acute cerebellar
ataxia cases [60]. Similarly, only 30% of patients with VZV vasculopathy have
detectable VZV DNA in the CSF and when present, virus is often detectable for
only a short duration early in the course of infection [75]. Studies have found an
inconsistent association between CSF VZV viral load, severity of infection, and
outcome [71, 77].

Given the limitations of PCR, ancillary testing for VZV antibodies in the CSF is
recommended by many authorities [38]. Intrathecal production of VZV IgG anti-
body is confirmed by an elevated VZV index, namely, when the serum-to-CSF ratio
of anti-VZV IgG antibody is reduced compared to that of serum-to-CSF ratio of
albumin and total IgG [78]. Detectable anti-VZV IgG antibody is present in >90%
of patients with VZV vasculopathy [61, 65] and is the most sensitive test in this
population. The presence of anti-VZV IgM antibody in CSF is also diagnostic of
CNS infection, as this large molecule does not passively diffuse into the CSF. The
sensitivity of intrathecal antibody testing for other forms of CNS VZV infection is
uncertain.

Treatment

In the absence of evidence-based studies evaluating treatment of VZV CNS infec-
tion, recommendations for treatment are based on anecdotal reports of clinical
response to therapy [79]. There is consensus for treating VZV encephalitis with
intravenous acyclovir, although some authorities recommend use of a higher dose
(15 mg/kg three times per day) compared to therapy for HSE for this infection [40,
42]. Immunocompromised patients or those with recurrent infections may require
prolonged or repeated courses of acyclovir therapy, followed by oral therapy [76].
Anecdotal reports suggest improvement in symptomatology with intravenous acy-
clovir may occur even when initiated more than 6 years after onset of symptoms
[73, 74].

The role of corticosteroids for VZV CNS infection is less clear, especially as
iatrogenic immunosuppression is a well-recognized risk factor for zoster and sub-
sequent dissemination. VZV vasculopathy is associated with arterial inflamma-
tion, and many authorities recommend a short course (e.g., 5 days) of prednisone
1 mg/kg daily be given concurrently with parenteral acyclovir [65]. British and
Australian consensus guidelines on encephalitis suggest consideration of adjunct
steroids in patients with VZV encephalitis due to the inflammatory nature of these
infections [41, 42].
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Complications

VZV encephalitis has been associated with subsequent development of anti-
NMDAR encephalitis, although this appears to less common than with HSE [80,
81]. VZV vasculopathy may lead to the development of cerebral aneurysms, with
the potential for rupture with catastrophic consequences [61, 82].

Outcomes

Outcomes following VZV CNS infection vary based on the specific syndrome. In
patients with acute cerebellar ataxia, complete recovery is the rule [60], even in the
absence of antiviral therapy. VZV meningitis is typically a self-limited illness,
although has been associated with residual facial palsy in up to 25% of cases [72].
In contrast, encephalitis is a much more morbid disease, with 60% of patients hav-
ing an adverse clinical outcome in one series [32]. VZV encephalitis is associated
with prolonged hospitalization (median duration of 14-23 days) and residual neuro-
logic deficits in many patients that persist at 3-year follow-up [32, 66]. In one series,
patients with CNS symptoms in the absence of skin lesions had significant delays in
initiation of acyclovir therapy (6 days versus 2.5 days), but this was not clearly
associated with adverse outcome [71].

Prevention

Since licensure of the varicella vaccine, VZV CNS infections in pediatric patients
have declined precipitously [60]. In the United States, varicella vaccine is recom-
mended for all children at age 12-15 months of age, with a repeat dose at age
4-6 years. Herpes zoster vaccine has been shown to decrease the risk of cutaneous
outbreaks in adults >60 years of age, but data on the impact of vaccination on VZV
CNS infection is lacking.
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Human Immunodeficiency 1 0
Virus (HIV)-Associated CD8 Encephalitis

Steven Paul Woods and Rodrigo Hasbun

Overview

It is estimated that over 35 million people worldwide are infected by the human
immunodeficiency virus (HIV), with nearly two million new infections each year
[1]. Despite a modest 10% decrease in the incidence of new HIV infections in the
United States (USA) in recent years, the prevalence of HIV continues to rise in
conjunction with better survival rates. An estimated 1.1 million people in the USA
are currently living with HIV disease [2]. HIV is primarily transmitted by way of
unprotected sexual contact with men, as well as by injection drug use: In the USA,
HIV transmission rates are highest among men who have sex with men, particularly
for young racial and ethnic minorities [3]. The life expectancy for HIV-infected
persons in the USA has almost normalized due to the widespread use of effective
combination antiretroviral therapy (cART), beginning in the mid-1990s [4].
Nevertheless, HIV persists as a serious public health problem, as there are signifi-
cant gaps in its detection and treatment across the continuum of care in the USA and
worldwide [5]. At the population level, HIV suppression rates remain well below
clinical targets, and the disease is associated with elevated rates of mortality and
morbidity, including central nervous system (CNS) complications.

This chapter specifically reviews the available research on one such CNS compli-
cation of HIV disease: CD8 encephalitis. This chapter begins by providing a histori-
cal context for HIV-associated CDS8 encephalitis (HIV-CD8E), which is one of the
many CNS complications of HIV disease that have evolved in step with the develop-
ment and widespread availability of effective cART. Next, this chapter briefly
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outlines the current epidemiology, pathogenesis, and clinical presentation of HIV-
associated CNS complications in the era of cART, including immune reconstitution
inflammatory syndrome (IRIS). This chapter then provides an in-depth review of the
available scientific evidence for HIV-CD8E, which derives from an emerging litera-
ture that is almost exclusively based on case studies and series. As such, this chapter
attempts to meaningfully stitch together the available threads of evidence regarding
the clinical presentation, diagnosis, management, course, and pathophysiology of
HIV-CDSE. This chapter concludes by highlighting gaps in the current science and
clinical management of HIV-CDSE, which may guide future research efforts.

Historical Context of HIV-Associated CNS Complications

In 1981, a case series from the Centers for Disease Control [6] reported an unusual
incidence of cancer (i.e., Kaposi’s sarcoma) and opportunistic infections (i.e.,
Pneumocystis pneumonia) in New York and California among men who had sex
with men (MSM). The causal agent for this emergent acquired immunodeficiency
syndrome (AIDS) was identified in 1983 as a T-lymphotropic retrovirus [7], which
is believed to have evolved from a simian immunodeficiency virus (SIV) that
adapted to human hosts in sub-Saharan Africa during the early part of the twentieth
century [8]. Clinical reports of CNS symptoms accompanying HIV infection
emerged early in the course of the AIDS epidemic in the USA: that is, a subset of
affected patients was showing “organic” mental and neurological symptoms [9]. In
1983, Snyder et al. [9] reported the first systematic case series of AIDS-related CNS
complications, including frank dementia, which was sometimes the initial manifes-
tation of illness and was often a harbinger of imminent mortality. Whether these
striking neurobehavioral syndromes stemmed from the direct CNS effects of HIV
infection itself and/or secondary to CNS opportunistic infections was controversial.
Indeed, CNS tumors (e.g., lymphoma) and opportunistic infections were quite com-
mon in the pre-cART era [10] and included fungal (e.g., cryptococcal meningitis),
viral (e.g., encephalitis due to progressive multifocal leukoencephalopathy or cyto-
megalovirus), and parasitic (e.g., toxoplasmic encephalitis) agents. Nevertheless,
HIV itself was also associated with a specific neuropathological finding, namely,
fused microglia and perivascular macrophages that formed the multinucleated giant
cells (aka syncytia) that are now characteristic of HIV encephalitis. Further support
for HIV’s direct contribution to CNS symptoms arose from studies showing that
milder forms of neurobehavioral disturbance (e.g., apathy, neurocognitive impair-
ment) were evident in the absence of CNS opportunistic infections and in otherwise
asymptomatic HIV-infected patients [11].

HIV-Associated CNS Complications in the Era of cART

The widespread use of effective cART in the modern era has drastically altered the
neurological landscape of HIV disease in developed countries. The incidence and
prevalence of frank HIV-associated dementia is currently well below 5% [12], and
CNS opportunistic infections are the exception rather than the norm. Nevertheless,
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the prevalence of CNS complications, including HI'V-associated neurocognitive dis-
orders (HAND) remains high and can often represent a serious challenge to clini-
cians and researchers. In practical terms, a diagnosis of HAND means that an
individual shows evidence of impairment (i.e., a significant decline from estimated
premorbid levels) in two or more cognitive domains (e.g., attention, executive func-
tions, memory, processing speed, and motor skills) that is at least partly explained
by HIV disease [13]. In the modern era, it is estimated that 30-50% of HIV-infected
persons meet criteria for HAND. Incidence rates vary between 5% and 20% [14],
and the course of HAND is highly variable; that is, unlike many neurodegenerative
conditions, HAND is not associated with inevitable progression to dementia and
death. In 30-60% of cases, the impairment associated with HAND is mild to moder-
ate and at least partly interferes with daily activities, leading to a diagnosis of HIV-
associated minor neurocognitive disorder (MND). In 30-60% of cases, the
impairment is mild to moderate and does not interfere with daily activities, which is
termed HIV-associated asymptomatic neurocognitive impairment (ANI). In less
than 5% of cases, the impairment is severe and markedly interferes with daily activi-
ties, thus warranting a diagnosis of HIV-associated dementia (HAD). Of course,
these epidemiological estimates vary depending on the criteria [15] and specific
diagnostic methods [16].

The neuropathophysiology of HAND remains poorly understood in the cART
era, and there are no well-validated diagnostic biomarkers or effective treatments.
That said, current models propose that HIV is indeed neurovirulent and crosses the
blood-brain barrier early in the course of infection, imbedded in activated mono-
cytes and other white blood cells that traffic into brain parenchyma [17]. HIV does
not widely infect neurons, but it does carry direct and indirect adverse CNS effects
on brain structure and function. In terms of its direct effects, HIV is detectable in
brain parenchyma and can replicate in perivascular macrophages, astrocytes, and
microglia, which may express neurotoxic viral proteins like gp120 and Tat [18].
HIV’s indirect effects on the brain are primarily from neuroinflammatory processes,
such as upregulation of cytokines and chemokines that can alter neuronal function-
ing [19]. Well over half of HIV-infected persons will evidence some form of neuro-
pathology upon autopsy [20]. Unlike the pre-cART era in which HIV-E and CNS
opportunistic infections were most prevalent, HIV-associated pathologies in the
cART era are quite heterogeneous and include neural apoptosis, synaptodendritic
injury, encephalitis, gliosis, and vasculopathy [18]. Such pathological diversity has
made the quest for discovering a biomarker of HAND quite challenging. A host of
different plasma and CSF biomarkers reflecting these neuropathogenic processes
have been examined in the context of HAND, including markers of chemokines
(e.g., MCP-1), astrocytosis (e.g., S-100p), neuroinflammation (e.g., tumor necrosis
factor-alpha), and neuronal damage (e.g., neurofilament light) [19], with varying
levels of success. Similarly, although the prevalence and severity of HAND can
increase with the clinical severity of immunovirological disease, this relationship is
generally quite weak and nonlinear in the cART era [12]. Nadir (i.e., lowest) CD4*
cell count shows modest correspondence to the level of neurocognitive impairment
in the cART era (e.g., [21]), but the value of that historical immune marker may
dwindle under evolving cART guidelines in which patients are treated despite high
CD4 counts.
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Although the effects of HIV can be observed throughout the brain, HIV-
associated neural abnormalities are most commonly present in the white and gray
matter structures of fronto-striato-thalamo-cortical circuits [22]. Accordingly, the
neurobehavioral profile of HAND parallels that which is observed in other primarily
frontal systems conditions, such as Parkinson’s disease; specifically, HAND is often
marked by mild-to-moderate deficits in executive functions, working memory, psy-
chomotor speed/coordination, and the strategic aspects of learning and memory,
with relative sparing of memory consolidation (i.e., amnesia is uncommon), visuo-
spatial abilities, and praxis. In recent years, investigators have begun to raise the
possibility that as the HIV population ages, HAND is evolving into a more posterior
cortical disease, akin to Alzheimer’s disease; however, neurobehavioral evidence
for such claim is presently scant (e.g., [23]). Effective disease modifying therapies
for HAND do not yet exist. The initiation of cART is not strongly neuroprotective
or restorative [24], even with regimens that penetrate the CNS [25]. Studies evaluat-
ing various nonantiretroviral agents (e.g., selegiline; [26]) and rehabilitation
approaches (e.g., [27]) have generally not demonstrated widespread effectiveness in
improving or restoring neurocognitive functions in HIV, although a few investiga-
tions demonstrate promising early findings [28, 29] that await confirmation in ran-
domized controlled trials.

CNS Immune Reconstitution Inflammatory Syndrome (IRIS)

The incidence and prevalence of CNS opportunistic infections has declined consid-
erably in the cART era [30]. At present, CNS opportunistic infections are estimated
to occur in only about 1% of the HIV* population, particularly in the setting of
immune compromise [31]. The most commonly encountered CNS opportunistic
infections in the modern era include progressive multifocal leukoencephalopathy
(PML) due primarily to John Cunningham (JC) virus, cerebral toxoplasmosis, and
cryptococcal meningitis, as well as tuberculosis and cytomegalovirus. Opportunistic
infections such as PML and cryptococcal meningitis play a key role in the immune
reconstitution inflammatory syndrome (IRIS), which is a pathological inflammatory
response that can occur in a variety of organ systems, including the CNS. IRIS is a
clinical syndrome in which an unexpected, excessive pro-inflammatory response to
a pathogen (usually an opportunistic infection) occurs within weeks or months of
ART. The inflammatory response is characterized by a wide range of focal and sys-
temic symptoms that if untreated can lead to death [32]. IRIS is commonly classi-
fied as either (1) “paradoxical,” meaning that the CNS opportunistic infection is
known and treated with some success prior to initiation of ART, after which clinical
deterioration occurs secondary to the pathological inflammatory response, or (2)
“unmasked,” meaning that the diagnosis of the CNS opportunistic infection comes
after the initiation of ART, which sparked the clinical deterioration [32]. The gen-
eral incidence of IRIS is approximately 10% in the USA [32], with risk factors
including treatment naive, immunosuppression, and viremia, as well as some char-
acteristics of the opportunistic infection itself. IRIS is less common in the CNS than
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it is in other bodily systems and is estimated to occur in only 0.05-2% of HIV*
patients. Of course, the incidence of IRIS is much higher among those persons with
CNS opportunistic infections; for example, estimates of IRIS incidence are 15-20%
among those cryptococcal meningitis and PML who initiate cART [33] for whom
the mortality rates are estimated between 5% and 15%. Treatment typically involves
corticosteroids, but there are no published guidelines, and interventions are variable
depending on the specific diagnosis and clinical context. The CNS pathology of
IRIS involves high numbers of CD8* cells in perivascular regions, but with lower
than expected rates of CD4" cells, despite the latter increasing in the periphery.

HIV-Associated CDSE

HIV-associated CDS8E is an emergent, relatively rare syndrome in which otherwise
well-controlled HIV* patients experience an IRIS-like pathological inflammatory
response. Unlike classic CNS IRIS cases in which an opportunistic infection and
rapid immunovirological recovery are typically key features of the encephalitis,
CD8E cases do not have an immediately identifiable pathogen. In 2013, Lescure
et al. [34] provided a detailed case series of 14 HIV* patients observed near Paris,
France, between 1999 and 2008 (see also Gray et al. [35] for the neuropathological
findings from 10 of these patients). The majority of Lescure’s [34] patients were
under good immunovirological control but nevertheless experienced severe enceph-
alitis for which comprehensive work-ups did not yield any significant precipitant.
Indeed, brain biopsies revealed only inconsistent/weak expression of HIV RNA but
rather large numbers of CD8* cells in perivascular regions accompanied by activa-
tion of astrocytes and microglia. Mortality rates were high in this series, and only
30% of these patients had a positive outcome. Since then, four additional single case
reports of CD8E have been published [36-39], along with one case of apparent
CDBE transverse myelitis [40]. Subsequent authors (e.g., the accompanying com-
mentary by Langford and Letendre [41]) have noted the clinical and pathological
similarities between Lescure’s [34] CD8E syndrome and prior case studies of CNS
IRIS that were published around the same time as Lescure’s patients were being
followed in clinic [42—44]. As such, it appears that CD8E, while rare, is not an iso-
lated neurological complication of HIV infection whose incidence has remained
steadily low during the cART era.

So, if CD8E occurs in the absence of the typical signs of CNS IRIS and other
types of HIV-associated neurological complications (e.g., leukoencephalopathy),
what then are its precipitants and underlying mechanisms? Lescure et al. [34]
proposed that the driving neurobiological force of CDSE is a “transient disequi-
librium between HIV and brain immunity.” Specifically, it is posited that periph-
eral T cells are re/activated and then migrate across the blood-brain barrier.
Although the precise source of the re/activation is unknown (and may be multifac-
eted), possible triggers include HIV DNA reservoirs in the brain or other latent
infections. In the published case studies to date, CD8E triggers have included
minor infections, virological escape (e.g., high CSF HIV RNA levels without
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viremia in plasma), CNS IRIS, and cART interruption. Low levels of HIV replica-
tion and/or HIV DNA reservoirs may play a role in the re/activation of T cells; in
fact, the CD8* response to covert HIV infection in the brain has even been pro-
posed as a primary mechanism for persistence of HAND in the cART era [41].
The CD8* cells eventually “overshoot” the original target that triggered their re/
activation, now outnumbering CD4* cells in the brain [34]. CD8"* cells are rare in
healthy brains but can be present in gray and white matter in the setting of infec-
tion and/or encephalitis and produce direct or indirect injury to neurons, particu-
larly when they outnumber CD4+* cells [45]. In the case of CD8E, pathology shows
marked-to-severe CDS8 cells and microglial activation, along with marked astrocy-
tosis and white matter changes indicative of edema and myelin loss [35]. There is
a weak presence of HIV P24 and CD4* cells and no evidence of the hallmark
multinucleated giant cells.

Clinical Presentation and Diagnosis

Neurological Symptoms

The presenting neurological symptoms of CDSE appear to be fairly diverse,
although there are some patterns emerging. One or more of the following four neu-
rological symptoms were evident in approximately 30-45% of CDSE cases reported
to date: cognitive impairment, headache, seizures, and/or confusion. Across this
small literature, it appears that men may be more likely than women to present with
cognitive impairment (56% vs 13%), which includes dementia and memory diffi-
culties. By way of contrast, women may be more likely than men to report headache
(75% vs 22%). Less frequent presenting symptoms of CD8E (<15%) have included
dizziness, gait abnormalities, imbalance, tremor, facial palsy, coma, or dysarthria.

Laboratory Findings

Flow cytometry reveals a high number of CD8* cells in the CSF. Protein levels are
typically elevated. HIV RNA has been detectable in the CSF of 11 out 12 cases
reported thus far, most often in the setting of undetectable (or sometimes much
lower) HIV RNA in plasma, suggesting viral escape.

Neuroimaging

FLAIR MRI of CDSE patients tends to show bilateral, diffuse signal intensities that
are nonspecific and suggestive of leukoencephalopathy [34, 35] (see Fig. 10.1).
However, Lescure et al. [34] observed that postgadolinium contrast (spin-echo T1
with magnetization transfer) revealed a highly sensitive and specific pattern of
“multiple punctate or linear gadolinium-enhanced lesions” in the perivascular
region. In four patients, these image lesions were confirmed with high-intensity
signal on diffusion-weighted scans (see also [39]). The MRI findings in CDS8E are
usually diffuse but can be focal in their presentation in some instances (see [36]).
Interestingly, the case described by Morioka was negative on T1 postgadolinium
contrast but nevertheless had positive findings for CDSE on brain biopsy.
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Fig. 10.1 MRI of the
brain of a patient with
biopsy-proven CD8
encephalitis showing
bilateral white matter
abnormalities

Management

Overall, the prognosis for CDSE patients is poor, but early diagnosis and prompt
management are key to increase the likelihood of a positive outcome. Lescure
et al. [34] suggest that the clinical features, CSF studies, and MRI (with gadolin-
ium contrast) are sufficient to make a reliable diagnosis of CDSE without a brain
biopsy. However, it should be noted that flow cytometry and gadolinium contrast
scans are not always available [41]. Timely administration of combination of ART
and corticosteroids shows some evidence of effectiveness across the published
case studies. In the Lescure cases [34], the authors followed the recommended
glucocorticosteroid treatment protocol recommended for patients with acute dis-
seminating encephalomyelitis (ADEM). In those cases, treatment involved intra-
venous methylprednisolone (1 g/day for 5 days, then tapered for a median of
6 months). Salam et al. [38] detail an instance in which initial treatment with
corticosteroids was effective but met with a relapse, which ultimately responded
to mycophenolate mofetil. Also of note, the patient described in the Morioka et al.
[37] study had a positive response to a switch in cART (i.e., without corticoste-
roids), which was initiated following the detection of a drug-resistant mutation
(M184V).
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Future Directions

As is true of many rare conditions, there is much left to learn about the epidemiol-
ogy, mechanisms, clinical course, and management of CD8E. The case studies
reviewed above provide important initial insights and allow for hypothesis genera-
tion, but well-designed studies with larger sample sizes and proper comparison
groups are needed. For example, what are the predictors of incident CD8E (e.g.,
why do some minor infections trigger CD8E while others do not and what explains
individual patient differences in that regard?)? What are the host and viral genetics
of CDSE (e.g., why is such a large proportion of the cases in the literature thus far
observed in persons of African descent?). Can CDSE be reliably distinguished from
other HIV-associated neurological complications, such as CNS IRIS? What are the
most robust clinicopathological correlates in CD8E (e.g., do gadolinium MRI
abnormalities reliably map onto CD8* cells in the CSF and in brain biopsies?)?
What is the profile and neurocognitive trajectory of CD8E? Nearly 50% of patients
present with neurocognitive impairment (e.g., memory problems) and approxi-
mately 50% of those who recovered from CD8E had residual neurocognitive com-
plications. Further downstream, among those who survive and recover, what is the
impact of CD8E on daily activities and quality of life?
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Introduction

Japanese encephalitis (JE) is the most common cause of vaccine-preventable
encephalitis in the Asia-Pacific region [1, 2]. It is initially described as recurrent
outbreaks of summer encephalitis in Japan during the late eighteenth to early nine-
teenth century [3-6] before its causative agent was first isolated in 1935 [7-9]. The
JE virus is a small, single-stranded RNA enveloped agent of the genus Flavivirus
[10, 11] that is the same genus with dengue virus (DENV), Zika virus, yellow fever
virus, and West Nile virus [12, 13]. There are five different genotypes of JE virus.
Genotype III was predominant prior to the vaccination era. However, recent studies
revealed that genotype I has become the predominant type in some areas [14, 15]
possibly related to climate change and geographic variations [16].

Culex mosquitos are the main vectors of JE. Swine, especially piglets, and wad-
dling birds are major amplifier hosts. Humans are “dead-end hosts,” in that human-
to-human transmission of JE via mosquitos is not possible because of the short
duration and low levels of JE viremia in humans [17]. Most human JE infections do
not result in clinical disease [18, 19]. The estimated ratio of symptomatic to asymp-
tomatic infections ranges from 1:25 among previously nonimmune adults from
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non-endemic areas to 1:200-1:1000 in children in endemic areas [18, 20].
Neuroinvasive disease has been estimated to occur in 1:200 infections [19], with
mortality up to 30% [20]. Among survivors, permanent neurologic, cognitive, and
psychiatric sequelae were observed in 20-30% [20-22].

The World Health Organization (WHO) estimated in 2011 that 67,900 JE cases
occur annually in endemic areas, yielding an estimated global incidence rate of
1.8/100,000 person-years [1, 23]. The incidence among children less than 15 years
of age is estimated to be nine times higher than those of older age (5.4 vs. 0.6/100,000
person-years). Three billion of the world population are living in 24 Asian and the
Western Pacific countries of JE at-risk area.

Management
Diagnosis

JE infection should be considered in patients presenting with acute encephalitis syn-
drome (AES) who live in or have a compatible travel history to JE-endemic areas
[24]. Seizures and parkinsonian-like movement often occur in acute JE disease [25,
26]. Moreover, meningitis [27] and/or flaccid paralysis have also been observed
[27-29]. Imaging studies of patients with JE disease may detect pathologic changes
affecting the thalamus, basal ganglia, and midbrain [30], but are nonspecific.
Laboratory findings, including cerebrospinal fluid (CSF) profiles, are similar to
those found in other viral and some idiopathic encephalitis. The CSF opening pres-
sure was found to be high in 50% of the patients. Seizure and high opening pressures
>25 cmH,0 are the factors associated with poor clinical outcome [25, 26, 31].

The incubation period of JE infection is 4—14 days. Viremic phase and the pres-
ence of virus in CSF are short and usually absent by the onset of clinical symptoms
[20, 32]. IgM in CSF and serum starts to appear soon after the clinical onset, fol-
lowed by IgG in the serum [24]. The WHO Manual for the Laboratory Diagnosis of
Japanese Encephalitis Virus Infection, published in 2007, recommends the follow-
ing tests to confirm JE infection [24]:

1. Presence of JE IgM in CSF (preferred) or serum using JE ELISA.

2. Detection of JE virus by one or more of the following methods a) JE antigens
detection in tissue by immunohistochemistry, OR b) JE viral isolation from
serum, plasma, blood CSF or tissue, OR ¢) JE virus genome detection in serum,
plasma, blood, CSF, or tissue by reverse transcriptase-polymerase chain reaction
(RT-PCR) or equivalent test.

3. Fourfold rise of serum JE IgG, by hemagglutination inhibition (HI) or plaque
reduction neutralization assay (PRNT), from acute and convalescent phases of
illness. This should be done in parallel with other confirmatory tests.

Clinical studies among confirmed JE cases revealed that CSF IgM became
detectable in 90% of patients within 4 days [33] and 100% by 7 days after onset of
symptoms [34]. In serum, IgM turned positive slower. By day ninth after onset, 88%
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had positive serum IgM [33]. However, the presence of acute-phase JE IgM alone
cannot rule out alternative diagnoses for AES. Among 107 patients in Laos present-
ing with meningoencephalitis and 24 with acute meningitis who fulfilled the WHO
criteria for diagnosis of JE infection, 12% of the former and 29% of the latter were
ultimately diagnosed with other infections, most commonly cryptococcosis and
scrub typhus (Orientia tsutsugamushi) infection [35]. Moreover, cross-reactivity is
well recognized among various flavivirus infections [36]. The most challenging is
distinguishing JE from DENYV infection, which co-circulates with JE virus in hyper-
endemic areas and also shares antigenic epitopes with JE virus. Approximately 10%
co-positivity of DENV IgM and JE virus IgM has been reported [37-39]. However,
there was no definite consensus about how to differentiate true coinfection from
cross-reactivity. Some suggest a diagnostic scheme prioritizing more sensitive tests
such as viral genome detection, followed by assays for high neutralizing antibody
[37, 38]. Assays for neutralizing antibodies against the DENV nonstructural protein
1 (NS1) and membrane proteins (prM) were claimed to enhance the sensitivity for
detecting DENYV infection [40] and thus if positive would tend to rule out JE infec-
tion. Nevertheless, the use of viral genomic detection and neutralizing antibody is
restricted by limited availability and requires expertise and a long, labor-intensive
period to perform. One group proposed diagnosing JE on the basis of high levels of
IgM in CSF determined by routine JE ELISA [39].

Viral culture and detection of virus using methods equivalent to RT-PCR are highly
specific, but sensitivity is poor [24]. Still, RT-PCR has been described as a useful tool
in the early course of illness [41], particularly when IgM is negative, but clinical sus-
picion remains high [42]. More sensitive PCR techniques used for epidemiologic
studies in mosquitoes and amplifying hosts are being investigated for clinical diagno-
sis [43, 44]. While JE virus was not found by RT-PCR from urine samples among 52
Chinese confirmed JE patients in 2013 [45], the report in 2017 using next-generation
sequencing and viral metagenomics was able to detect JE virus in urine from 16-year-
old Vietnamese male who presented with febrile illness, limb weakness, and seizure
[46]. This advanced testing could be more sensitive and warrants further evaluation.

Treatment

In the absence of effective, JE-specific antiviral medications, supportive care is the
sole therapy for JE disease, with the goal to anticipate and ameliorate its life-
threatening complications. In the acute phase, these include aspiration, status epi-
lepticus, increased intracranial pressure, and hypoglycemia [47]. For survivors of
the acute phase, physical therapy, avoiding bedsores and contractures, and psycho-
logical therapy are indicated [20].

Several agents were studied in human without much success. Oral ribavirin, a
broad-spectrum antiviral agent, was studied among 153 JE patients (6-month- to
15-year-olds) in India [48], but no mortality benefit was demonstrated. Non-antiviral
therapeutic agents, such as interferon-alpha A [49], high-dose steroid [50], and
intravenous immune globulin (IVIG) [51], have anecdotally been reported to ame-
liorate JE diseases. However, when interferon-alpha A [52] and high-dose steroids
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[53] advanced to definitive randomized clinical trials (RCT) in humans, no clinical
benefit for outcome mortality or morbidity was demonstrated. Slightly more prom-
ising agents were IVIG and minocycline. The compassionate off-label uses of IVIG
for its antiviral/anti-inflammatory properties have been tried for flavivirus infections
[54-57]. A small RCT among 22 children (aged 1-14 years) found IVIG from India
greatly increased neutralizing antibody titers, induced no adverse safety signals, and
was feasible for use in Nepal [58]. Although the study was not powered to compare
clinical outcomes, an unexpected finding was complete recovery after 3—6 months
for 45% in the IVIG group versus 18% in the placebo group (not statistically signifi-
cant). Thus further study is warranted. Minocycline has been proposed as therapy
because of its lipophilic nature, high concentration in CSF, and neuroprotective
properties in vitro [59] and in an animal model [60]. A RCT of minocycline versus
placebo among 281 Indian children and adults with clinically diagnosed JE did not
reveal mortality benefit, but post hoc analysis of patients who survived beyond the
first day of admission suggested a trend (p = 0.090) of better 3-month survival rate
in those receiving minocycline [61]. However, only 10% (29 participants) had sero-
logic confirmed JE diagnosis. Another smaller RCT that enrolled 44 JE-confirmed
children reported that minocycline reduced days of fever, improved level of con-
sciousness, and shortened duration of hospitalization but had no effect on mortality
or other clinical outcomes [62].

Other potential therapeutic agents that aim to apply better understanding of JE
virus structure and JE pathogenesis are in early in vitro and preclinical animal
model studies of inhibition of viral fusion and/or replication, of reduction of inflam-
mation to prevent neuronal damage, and of boosting host mechanisms to eliminate
JE virus [63].

Prevention by Vaccination

There are four major categories of JE vaccines that have been extensively studied
and utilized to prevent JE disease. All vaccines are derived from the JE genotype I11
virus. Several reports support that the vaccine induces cross-immunity against cir-
culating JE virus including genotype I virus, an emerging dominant serotype [64,
65]. Still, the concern of vaccine effectiveness against serotype V [66] has emerged
after the reports of disease outbreak in South Korea [67, 68]. Of note, there is no
standardized JE neutralizing assay. Therefore, the comparison of immunogenicity
across the studies must be done cautiously.

Mouse Brain-Derived Inactivated Vaccine (JE-MB)

JE-MB were grown in mouse brain cells and derived from the Nakayama and/or
Beijing strains of JE virus [69-72]. It was first developed and licensed in Japan in
1954. In the United States, a JE-MB was available for travelers from 1983 through
1987 on an investigational basis [19], before it became licensed in the United States
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in 1992. JE-MB have been used in many countries for almost half century, during
which efficacy of 90% or more has been demonstrated in preventing JE in endemic
areas [73, 74]. JE-MB have been shown to induce good immune responses between
both children in endemic area [70, 75-78] and adults from non-endemic area [79-
82]. These JE-MB were manufactured by developing countries around the world and
used extensively in the expanded immunization programs in endemic areas [83].
Among JE-MB adverse events following vaccination were acute disseminated
encephalomyelitis (ADEM), which occurred in 1 case per 50,000—1,000,000 doses,
while hypersensitivity reactions occurred in 18-64 per 10,000 [83]. Such adverse
events seemed to happen more often among persons from non-endemic Western
countries [83, 84]. Its main manufacturer, BIKEN (Research Foundation for
Microbial Diseases of Osaka University, Japan), ceased production in 2005, and its
last batch of vaccine expired in 2011. Administering booster doses of newer-
generation JE vaccines to persons previously primed with JE-MB was found to be
safe and able to induce good anamnestic responses [85-89]. Because of the intense
dosing schedule and occasional serious side effects of JE-MB, the WHO recom-
mends that they should be replaced by newer vaccine types [1]. However, local
productions continue in countries unable to afford newer, safer vaccines.

Live Attenuated JE Virus Vaccines Using the SA-14-14-2 Strain
(LAV-SA-14-14-2)

LAV-SA-14-14-2 uses the live, attenuated SA-14-14-2 strain, derived from the wild-
type JE strain SA-14[90, 91], which was first licensed in China in 1988 as CD.JEVAX®
(Chengdu Institute of Biological Products, China). Since then, they have been widely
used in China and other Asian countries, with over 700 million doses distributed [92]
and administered to more than 120 million children [93]. A case-control study in
China and Nepal indicated vaccine efficacy of 97-99% [94-96]. A S-year follow-up
study in Nepal estimated continuing efficacy of 96% [97].

In children and adults, LAV-SA-14-14-2 induces good seroprotection rates [89,
98-100] and, conveniently, can be given concurrently with measles vaccine [101].
Safety surveillance during 30 days post-vaccination among 13,266 children found no
differences compared to a control group [102]. Although a rare possible association
with acute encephalitis was noted, 4 vaccinees within 2 weeks after vaccination [103]
and 9 vaccinees in WHO report [1], this was not felt to be an unsafe signal as the
number was extremely low compared to the number of distributed vaccines [92, 93].

Cell Culture-Derived Inactivated JE Vaccine (CC-JE)

CC-JE can be subclassified by the virus strain they use (SA-14-14-2 or Beijing-1 or
Beijing-P3 or 821564XY strains) and by the tissue culture cell types in which they
are grown; Vero cells, primary hamster kidney (PHK) cells, or other cells. The most
common CC-JE around the world are those composed of an inactivated SA-14-14-2
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virus strain, grown in Vero cells, and thus abbreviated as JE-VC in this chapter.
IXIARO® and JESPECT® are differing brand names of the same JE-VC (Valneva
Austria GmbH) which are licensed in 35 countries around the world [104, 105].
JEEV® is manufactured by Biological E (Hyderabad, India) available in South Asia
with technology licensed from Valneva [104, 106]. IXIARO® is the only JE vaccine
approved for use in the United States since 2009 [107]. Studies of this vaccine in
children revealed excellent immunogenicity [108—110]. In adults in North America,
Europe, and Australia, the responses were not inferior to JE-MB [111], with immu-
nogenicity remaining high for up to 12 months [112]. These long-term immune
responses were increased in JE-VC recipients who had previously been vaccinated
with tick-borne encephalitis (TBE) vaccine [113, 114]. European JE-VC study of
200 elderly from 64-83 years of age (median 69) revealed that seroconversion rate
was 65% [115] which was lower than the >95% found in a previous trial in adults
of median age of 41 years [111]. Thus, a third dose was suggested for the elderly, in
whom its safety profile had been acceptable in the two-dose primary series [115].

Another version of CC-JE was one made from the Beijing strain of JE virus
grown in PHK cell culture. It was produced and used only in China for a limited
period [116]. Its immunogenicity was found to be lower than for JE-VC and JE-
MB [117]. KD-287 or ENCEVAC® (Chemo-Sero-Therapeutic Research Institute/
Kaketsuken, Kumamoto, Japan), JEBIK®V (BIKEN, Japan), and TC-JEV (Boryung/
Star-Bio, South Korea) are JE-VC commercially available in Asia. It was found
non-inferior to JE-MB [118]. JENVAC® (Bharat Biotech, India) is another CC-JE
variation using Kolar strain in Vero cell (JE virus 821564XY) [119, 120].

Adverse events following JE-VC in children were comparable to those of
licensed vaccines (pneumococcal conjugate and hepatitis A vaccines) [121], in
whom off-label use in travelers was well tolerated [122]. In adults, the common vac-
cine side effects were similar to those of JE-MB but with less local reactogenicity
and hypersensitivity [111, 123]. Post-marketing surveillance on JE-VC safety in
the United States found an overall rate of 15.2 adverse events per 100,000 doses
distributed, with no fatalities [124]. Three episodes of serious neurologic symptoms
(one encephalitis and two seizures) occurred in recipients of JE-VC who had
received other vaccines concurrently.

Genetically Engineered JE Chimeric Virus Vaccine (JE-CV)

The prM and E proteins of the SA-14-14-2 JE virus grown in Vero cells were inserted
by genetic engineering into a cDNA “backbone” of poxvirus [125] or the 17D strain
of yellow fever virus [126], creating a live chimera. The one using poxvirus as a
backbone ceased its development after the pilot study revealed low immunogenicity
and more local reaction comparing to JE-MB [125]. IMOJEV® (Sanofi Pasteur,
Lyon, France), the only JE-CV commercially available, was found to be non-infe-
rior when compared to JE-MB among adults from non-JE-endemic areas, with
seroconversion rates of up to 99% [127]. The immune response after a single dose
of JE-CV was comparable to that of LAV-SA-14-14-2 in RCTs of 274 children
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aged 12-24 months in Korea [128] and 300 children aged 9—18 months in Thailand
[129, 130], with good safety profiles found in both trials. Studies of JE-CV children
of 2- to 5-year-olds who had been primed with prior doses of other JE vaccine types
found boosting with JE-CV to be safe and to still induce good immune responses
[131-133]. Two studies for neutralizing antibody induced by JE-CV against both
past and recent wild-type JE viruses circulating in Southeast Asia and India found
high levels [64], lasting until the 5-year follow-up after a two-dose series [65].

Adverse reactions to JE-CV were significantly less frequent (68%) than after
JE-MB (82%) in adults in non-endemic areas [127]. Further experience from post-
marketing surveillance in Thailand of 10,000 healthy children of ages 9 months to
<5 years who received JE-CV confirmed its safety [134].

Other Prevention Strategies

As with several other flaviviruses that threaten human health, the main prevention
strategies for JE are (1) mosquito and environmental controls, (2) improved epide-
miologic surveillance systems in endemic areas, and (3) immunization programs to
vaccinate populations at risk.

Mosquito Bite Avoidance and Vector Controls

Recommended routine individual-level protective measures are bed nets, appropri-
ate clothing, and repellants [135]. Environmental efforts to control mosquito vectors
require a multidisciplinary approach, which is beyond the scope of this chapter. In
short, these must overcome factors driving the emergence of JE such as population
growth within the vicinity of poor sanity swine production and wet-rice paddy agri-
culture [136]. Classic strategies of insecticide use may no longer be as effective
because JE vectors have developed resistance due to heavy use of pesticides in rice
fields [137, 138]. Biological controls that are environmental-friendly are various
[139]. They include plant-borne mosquitocides, repellents, and oviposition deter-
rents. Mosquito reproduction can also be interrupted by irradiated or chemically
sterilized male mosquitos released to mate with females or endosymbiotic bacteria
(Wolbachia spp.) that induces female sterility [139, 140]. Artificial swamps can lure
mosquitoes, whose larvae are eaten by fish or killed by ingestion of the human-
harmless bacteria Bacillus thuringiensis var. israelensis.

Although it is possible to reduce the virus-amplifying role of swine by JE vac-
cination of piglets, this control method has high cost and low immunogenicity due
to passive transfer of maternal immunity [141]. South Korea has implemented this
approach as national policy for 30 years; however, human JE outbreaks still emerged
[142]. Of course, the control of wildlife that also serves as amplifying virus hosts is
difficult, if not impossible. Poverty in most JE-endemic areas also limits improved
hygienic practices in swine farming and the mechanization of irrigation practices
that might also reduce vector populations.
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Improved Epidemiologic Surveillance Systems

The WHO strongly urges JE surveillance in endemic areas to better characterize
epidemiologic patterns of the disease and its burden, so that policymakers can com-
pare the costs of prevention programs with their benefits [24]. Serologic surveys are
recommended, as the use of solely clinical case definitions is poorly sensitive (65%;
95% CI, 56-73%) and poorly specific (39%; 95% CI, 30—-48%) to identify or rule
out true JE infections and noninfections, respectively [27]. Overall among the 24 JE
at-risk countries in the world, national and/or sentinel surveillance programs for JE
exist in 22 (92%) [2]. However, incomplete data and misclassification of JE cases
continue to be the challenges leading to imprecise global burden estimation.

Immunization Programs

The use of some vaccines as described above to prevent JE has been shown to have
a significant impact on decreasing its incidence in endemic areas [1, 143].

A 2016 survey by the WHO revealed that only 12 (50%) of 24 JE-endemic countries
have the JE immunization programs in place [2]. Ten of these 12 countries have added
JE vaccine to their routine national immunization programs for all children: Cambodia,
China, Japan, Laos, Nepal, South Korea, Sri Lanka, Taiwan, Thailand, and Vietnam.
The Philippines, Indonesia, and Myanmar plan to start the nationwide programs in late
2017 or early 2018. Immunization programs or campaigns limited to certain catego-
ries, locations, or events do exist. Australia implemented JE vaccination in areas with
JE risk (the outer islands in the Torres Strait) [144]. Malaysia and India have programs
to cover some of their sub-national jurisdictions. North Korea performed a vaccination
campaign in 2016. Singapore decided not to implement routine JE vaccination because
only sporadic JE cases are reported. This current patchwork of immunization programs
to prevent JE remains a challenge to reducing the burden of the disease.

Special Populations
Travelers

Currently, the incidence of JE infection among travelers is estimated as <1 case per
one million travelers to endemic countries [135, 145, 146]. Only 21 travelers with
confirmed JE were reported to the US Centers for Disease Control and Prevention
(CDC) during 1973-2015 [135]. Consistent with such low risk, a serologic survey
in 2007-2010 among 363 short-term Australian travelers returning from Asia found
no evidence of JE infection [146] and no case report through GeoSentinel
Surveillance in 1997-2007 [147]. In contrast, one report estimated the attack rate of
1 per 400,000 among Swedish travelers visiting Thailand during 1994-2008 [148].
As might be expected, JE risk for travelers varies by visit duration, local destina-
tions visited, activities engaged in, and the season of travel.
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As with JE disease among endemic countries, JE in travelers is also devastating.
Among 55 international JE-infected travelers reviewed for the period of 19732008,
the fatality rate was 14%, and prolonged or permanent neuropsychiatric sequelae
occurred in 44% of survivors [149]. One fatality (33%) occurred among three
reported JE cases among US travelers in 2010-2012 [150]. Of course, such pub-
lished rates of fatality and long-term morbidity are subject to underestimation, as
less severe disease without sequelae may be less likely to be formally reported. In
addition to travelers and expatriates at risk for JE, disease occurred among migrants
from endemic areas that had never been vaccinated and returned to their JE-endemic
homeland [151].

In addition to using personal protective measures to avoid mosquito bites, public
health agencies advise expecting travelers and expatriate residents in JE-endemic
areas to receive or consider JE vaccination, although with slightly varying recom-
mendations and dosing (Table 11.1) [1, 135, 144, 152-155]. Despite public health
recommendations of JE vaccination for travelers at risk, compliance by travelers
and/or their physicians has been low (30%) [156]. The main reasons were listed
such as physicians thought it was not indicated [156], travelers were not informed
by their physicians about JE vaccine [157], and travelers declined because of the

Table 11.1 Japanese encephalitis (JE) vaccine recommendations for travelers from public health
agencies

Suggested

Public health Vaccination indications timing of
agency: date for travelers Vaccine types and dosing vaccination
World Health — Travel with extensive | 1° series CC-JE 2 doses IM | Details not
Organization outdoor exposure ond0Oandd28 given
Strategic (such as camping and (0.25 mL/dose if
Advisory hiking) during the age 2 m-2y,
Group of transmission season 0.5 mL/dose
Experts in endemic countries age > 3y)
(SAGE): or areas where or
February 2015 farming involves JE-CV, 0.5 mL IM

irrigation by flooding once

or
LAV-SA-14-14-2,
age >8 m 0.5 mL
SC

Booster CC-JE after >1 y
with ongoing risk
(age >17y)
JE-CV, 12y after
1° dose age >9 m
to <18 y.

No booster for
adults >18 y
LAV-SA-14-14-2,
not established

(continued)
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Table 11.1 (continued)

Suggested

Public health Vaccination indications timing of
agency: date for travelers Vaccine types and dosing vaccination
United States —Travel >1 min CC-JE (JE-VC, IXIARO®) Complete
Advisory endemic areas during | 1° series 2 doses IMond 0 2-dose 1°
Committee on the JE virus and d 28 (0.25 mL/ | series
Immunization transmission season dose if age 2 m-2y, |1 week
Practices — Travel <1 m to 0.5 mL/dose age before
(ACIP): July endemic areas during >3y) potential
2017 update the JE virus Booster After >1 y with exposure

transmission season, ongoing risk (age

with travel outside >17y)

urb.ar'l areas and Booster New 2-dose 1°

?.CthltleS that. after series of CC-JE

mcre?ase the risk of previous (JE-VC)

JE virus exposure JE-MB

(e.g., substantial

time or activities

outdoors,

accommodations

without air

conditioning,

screens, or bed nets)

— Travel to an area with
an ongoing JE
outbreak
— Travel to endemic

areas with uncertain

specific destinations,

activities, or duration

of travel
United — Travel >1 m to CC-JE (JE-VC, IXIARO®) Complete
Kingdom endemic areas 1° series Same as ACIP/USA | 2-dose 1°
Public Health during the Booster Adults at series
England: transmission season continuing risk, >1 week
November 2016 in South Asia, 12-24 m after 1° before
update Southeast Asia, and series (regardless of | Potential

the Far East, previous vaccine exposure

especially if travel
includes rural areas

— Travel <1 m should
be considered an
indication if risk is
sufficient, e.g.,
spending short
periods in rice fields
(where the mosquito
vector breeds) or
close to pig farms (a
reservoir host for the
virus)

type)
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Table 11.1 (continued)
Suggested
Public health Vaccination indications timing of
agency: date for travelers Vaccine types and dosing vaccination
Public Health — Travel >30 d CC-JE (JE-VC, IXIARO®) Complete
Agency of cumulatively in rural | 1° geries Same as ACIP/ 2-dose 1°
Canada: areas during the risk USA, except series 10 to
January 2014 season or in urban children indicated 14 d week
update areas known to be as off-label use before
endemic or epidemic | Booster Same as ACIP/ potential
for JE USA, except exposure
— Long-term travelers children indicated
or expatriates who, as off-label use
while bas_"*‘? in urban Alternative | 2 doses same day
area§, an.t1c1pat.e 1° dosing by separate
makmg. intermittent when time | injections on
short trips to rural . . .
; until separate limbs
areas of risk exposure is
— Travel <30 d short
cumulatively in rural
areas during the
season of risk or in
urban areas known to
be endemic or
epidemic for JE, if
substantial outdoor
activity anticipated or
indoors if the area
does not exclude
mosquitoes,
especially during the
evening/night
Australian —Travel >1 min 1° series CC-JE (JE-VC, JESPECT®
Technical endemic areas in Asia JESPECT?®), same second dose
Advisory and Papua New as ACIP/USA at least
Group on Guinea during the JE JE-CV 1 week prior
Immunization virus transmission (IMOJEV®), same to potential
(ATAGI): season, including dosing as WHO exposure
August 2017 persons to be based Booster CC-JE (JE-VC, IMOJEV® at
update in urban areas but are JESPECT®), same least 14 days
likely to visit as ACIP/USA prior to
endemic rural or JE-CV potential
agricultural areas. (IMOJEV®), same exposure
Also recommended to dosing as the WHO

see US
recommendation

Booster after
previous
JE-MB as
1° series

Either CC-JE
(JE-VC) or JE-CV

1° primary, CC-JE inactivated tissue culture-grown JE virus vaccine, /M intramuscular, JE-CV
genetically engineered JE chimeric JE vaccine, JE-MB mouse brain-grown inactivated JE virus
vaccine, JE-VC Vero cell tissue culture-grown inactivated vaccines, LAV-SA-14-14-2 live attenu-
ated SA-14-14-2 JE virus vaccine, m month, SC subcutaneous, y year
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lack of concern about the disease [156] or the cost of vaccination [158]. IXIARO®
costs ~US $120-150 per dose in Europe [159, 160] and ~US $250-450 in the
United States (Internet survey in 2017). In endemic countries, the price of JE vac-
cine can be as low as US $16 for LAV-SA-14-14-2 (CD.JEVAX™) or JE-CV
(IMOJEV®) [161].

Other Special Populations

Clinical data are very limited on the use of JE vaccine in immunocompromised
persons. JE-MB could be used safely in children with underlying diseases [162]
and with HIV infection. Among HIV-positive children, immune responses to JE-
MB were lower than in HIV negatives [163], especially among those with low
CD4+ cell counts [164]. However, immune responses were comparable to HIV
negatives if vaccination occurred after effective antiretroviral therapy [165, 166].
Low JE vaccine seroconversion rates (50%) were reported among 18 post-
hematopoietic stem cell transplantation patients after a single dose of
LAV-SA-14-14-2 [167]. The WHO recommends inactivated CC-JE over live
LAV-SA-14-14-2 or JE-CV among travelers at JE risk who are immunocompro-
mised or pregnant [1]. A report of 24 pregnant women who received JE-VC vaccine
(IXIARO®), a subcategory of CC-JE vaccine, did not report any worrisome out-
comes [1].

Another emerging group at risk of JE is the elderly in endemic countries. The
incidence of disease in this age was noted to be rising in South Korea [168], Japan
[169], and Taiwan [170], even though these countries implemented vaccination pro-
grams for over 40 years. The rise in incidence was believed to be the result of wan-
ing immunity—natural or by vaccination decades earlier—or increased vulnerability
of the unvaccinated and never-infected adults. Study of strategies to prevent JE
among the elderly group needs to be pursued.

Research Gaps and Future Issues to Address

A number of gaps in scientific knowledge and programmatic optimization are
needed to improve both clinical care and prevention of JE:

— Standardizing the JE neutralization assay for better comparability of results
between studies

— Improved sensitivity and specificity of diagnostic tests to confirm JE infection
that would be affordable in endemic countries

— Research and development of specific antiviral drugs and other nonspecific med-
ications or therapies to reduce the mortality and long-term neurologic sequelae
of JE disease

— Understanding the significance of JE virus genotype and vaccine-induced
immunity
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Cost-benefit and cost-effectiveness data on the use of JE vaccine in travelers
Data on vaccine efficacy and safety, pathogenesis, and treatment strategies in
special population, i.e., elderly, immunocompromised hosts, and pregnant
women
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Introduction

Acute encephalitis is a rapidly progressive encephalopathy due to brain inflamma-
tion, progressive over the course of weeks, and associated with significant morbid-
ity as well as care burden to patients, families, and society [1, 2]. Historically, the
most frequently identified causes of acute encephalitis have been infectious; how-
ever over the past decade, an increasing number of autoimmune encephalitides have
been described. A subset of these autoimmune encephalitides are paraneoplastic in
that they occur physically and potentially temporally remote from a tumor.
Paraneoplastic autoimmune encephalitis, like other paraneoplastic neurological
syndromes, is often the by-product of the immunological response directed against
a cancer, and the development of a paraneoplastic syndrome can herald the detec-
tion of cancer or its recurrence by years [3-5]. In contrast, primary autoimmune
encephalitides have been described in the absence of detected cancer at diagnosis or
in longitudinal clinical care, typically characterized by immune responses directed
against cell surface proteins including neurotransmitter receptors, water channels,
and ion channels [6].

The diagnosis of an autoimmune encephalitis carries import for not only the
immediate care for a patient presenting with a rapidly progressive encephalopathy
but also the detection and monitoring for occult malignancy when appropriate [7].
The diagnosis of autoimmune encephalitis can be challenging, prompting the recent
development of consensus clinical criteria for autoimmune encephalitis to help pro-
viders better identify patients and to differentiate autoimmune encephalitis from
other neurological and psychiatric disorders [6]. As described below, additional
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Table 12.1 Challenges in Heterogeneity of clinical presentation
the diagnosis and treatment

of autoimmune encephalitis

Limited utility of current radiographic methods for
diagnosis and prognosis
False positives and negatives with autoantibody testing

Limited understanding of contribution of cellular
autoimmunity and genetics

Lack of guidelines for escalation and duration of
immunotherapy

Need for personalized therapeutic approaches

Inadequate understanding of long-term outcomes and
sequelae

challenges arise when diagnosing and treating patients with autoimmune encepha-
litis, including syndrome recognition, antibody testing in the commercial or research
laboratory setting, the interpretation of antibody test results, the utility of various
diagnostic modalities, and the acute and chronic management of the autoimmune
encephalitis and its sequelae (Table 12.1).

The field of autoimmune encephalitis has matured from syndrome recognition
and description to the exploration of disease mechanisms, potential relationships of
infectious and autoimmune encephalitides, the evaluation of treatment approaches
and pharmaceuticals, and the potential for novel treatment approaches in the para-
digm of precision medicine. In this chapter we explore the diagnostic and treatment
challenges that face the neurologist caring for a patient with possible autoimmune
encephalitis as well as future directions in diagnosis and care.

Diagnosis
Clinical Presentation

Encephalitis is a severe, debilitating inflammatory disorder of the brain, with varied
possible etiologies of a rapidly progressive encephalopathy leading to a broad differ-
ential diagnosis (Table 12.2) and potentially extensive diagnostic evaluation [1, 6, 8].

Syndrome onset and tempo play important roles in differentiating acute
encephalitis from more chronic neurodegenerative and psychiatric syndromes. In
general, acute encephalitis is characterized by the development and progression of
brain inflammation leading to a debilitating neurological disorder in a matter of
weeks, usually less than 6 weeks [1, 6]. More specifically for autoimmune enceph-
alitis, consensus clinical criteria require subacute onset with rapid progression of
less than 3 months of working memory deficits (or short-term memory loss),
altered mental status, or psychiatric symptoms [6]. Altered mental status is further
defined as decreased or altered level of consciousness, lethargy, or personality
change [6]. These symptoms may be accompanied by other neurological symp-
toms or examination findings, some of which have been associated with specific
autoantibodies [4, 6, 9].
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Table 12.2 Differential diagnosis of acute encephalitis [1, 6, 8]

CNS infections Metabolic/mitochondrial disorders
Routinely assessed: HSV, VZV, enterovirus, Mitochondrial
cryptococcal, syphilis, HIV encephalomyopathy, lactic
acidosis, and stroke-like episode
syndrome
Immunocompromised host: CMV, HHV6/7, Urea cycle disorders

Toxoplasma gondii, Mycobacterium
tuberculosis, West Nile virus
Geographic factors (e.g., malaria, Reye syndrome (in children)
trypanosomiasis, Japanese encephalitis virus,
tick-borne encephalitis virus, dengue)

Seasonal (e.g., arbovirus) Rheumatologic disorders
Exposure (e.g., bartonella, tick-borne disease Systemic lupus erythematosus
testing, rabies testing, Naegleria fowleri)

Encephalopathy due to systemic disease Sarcoidosis
Sepsis Behcet’s
Organ failure (e.g., hepatic, renal/uremia, Sjogren’s syndrome
pulmonary/hypoxemia/hypercapnia)
Electrolyte abnormalities (e.g., hypernatremia, Cerebrovascular disease
hyponatremia, hypercalcemia)
Endocrine (e.g., hyperthyroid/hypothyroid) Ischemic stroke
Nutritional (e.g., Wernicke, B12 deficiency, Hemorrhagic stroke
niacin deficiency, folate deficiency)
Hyperviscosity syndrome Venous sinus thrombosis

Drug toxicity Posterior reversible

encephalopathy syndrome (PRES)
Ilicit drugs (e.g., ketamine) Cancer
Neurotoxic effect of prescribed drugs (e.g., Central nervous system lymphoma
anticholinergics)
Seizures induced by drugs or medications Brain metastases from systemic
cancer

Intravascular lymphoma

Idiosyncratic reaction (e.g., neuroleptic Gliomatosis cerebri
malignant syndrome)

Drug interaction (e.g., serotonergic syndrome) Epileptic disorders

Drug withdrawal (e.g., alcohol, Nonconvulsive status epilepticus
benzodiazepines, opiates)
Creutzfeldt-Jakob disease Febrile infection-related epilepsy
syndrome (FIRES)
Kleine-Levin syndrome Idiopathic hemiconvulsion
hemiplegia and epilepsy (IHHE)
syndrome

The subsequent evaluation of patients presenting with signs and symptoms con-
sistent with autoimmune encephalitis should include a conventional neurological
evaluation to assess for potential alternative etiologies as well as to investigate for
supportive findings by standard diagnostic tests, including magnetic resonance
imaging (MRI), cerebrospinal fluid (CSF), and electroencephalography (EEG)
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studies. The diagnosis of autoimmune encephalitis is clinical and not dependent on
the detection of an autoantibody as at times autoantibody testing is not readily
accessible, the results of autoantibody testing may take weeks to return, the failure
to detect an autoantibody in the serum or CSF does not exclude an autoimmune
encephalitis, and false-positive antibody assay results can occur. As early immuno-
therapy appears to be associated with improved clinical outcome, the diagnostic
evaluation is undertaken to support the diagnosis of autoimmune encephalitis while
quickly clarifying the presence or absence of other etiologies, particularly infec-
tious, to allow for rapid initiation of immunotherapy with treatment escalation as
clinically indicated [10, 11].

Diagnostic Tests

As mentioned previously, the standard diagnostics used in the evaluation of patients
with suspected autoimmune encephalitis include MRI of the brain, CSF assessment,
and EEG [6]. The sensitivity and specificity of each of these standard diagnostics
vary for autoimmune encephalitis in general and for specific autoantibody
syndromes.

CSF assessment is of import in ruling out a number of infectious encephalitides,
supporting a diagnosis of possible autoimmune encephalitis, and in diagnosing a
specific autoantibody syndrome [6]. Routine CSF studies typically demonstrate a
moderate lymphocytic predominant pleocytosis (>5 WBC/mL), with normal glucose
and potentially elevated CSF protein. The detection of intrathecal oligoclonal bands
and an elevated serum to CSF immunoglobulin G (IgG) index indicate intrathecal
antibody synthesis and are further supportive. It should be noted that a CSF pleocy-
tosis may be transient, potentially only evident in the early stages of the encephalitis,
as has been observed in anti-NMDA receptor (anti-NMDAR) encephalitis [6, 10,
12]. In addition, when evaluating patients for possible autoimmune encephalitis, it is
recommended that autoantibody testing is sent from the CSF in addition to autoanti-
body testing in the serum [6]. The reasons for this are manifold. First, in some syn-
dromes (e.g., anti-NMDAR and anti-LGI1), CSF antibody testing has been
demonstrated to be more sensitive than serum testing alone [10, 13]. In addition,
multiple antibodies can be detected in the serum, potentially in addition to those
detected in the CSF. In such cases, CSF antibodies are more likely pathologic, with
a lower rate of false-positive and false-negative results compared to serum antibody
testing [6].

EEG is of variable sensitivity in autoimmune encephalitis, with the most fre-
quent findings being non-specific slowing and disorganized cortical activity [6, 12,
14]. Consensus criteria for the diagnosis of possible autoimmune encephalitis and
definite limbic encephalitis include temporal slowing (either unilateral or bilateral)
[6]. Patients with autoimmune encephalitis may be found to have electrographic
seizures, potentially as nonconvulsive status epilepticus [14]. There have been
descriptions of rare electrographic findings in specific autoimmune encephalitis
syndromes, such as extreme delta brush in anti-NMDAR encephalitis which is
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noted in a minority of cases [15]. Patterns commonly associated with other neuro-
logical syndromes have been noted in cases of autoimmune encephalitis, such as
periodic sharp wave complexes commonly described in Creutzfeldt-Jakob disease
also observed in patients with autoimmune encephalitis with autoantibodies directed
against the voltage-gated potassium channel complex [16].

Brain MRI is of variable sensitivity, for instance, being abnormal in 33-50% of
patients with anti-NMDAR encephalitis. Depending on the syndrome, there can be
abnormalities of the mesial temporal lobes, gray matter, and/or white matter on T2
sequences with subtle gadolinium enhancement. Some lesions may also appear con-
sistent with demyelinating diseases. Findings by MRI may be subtle and transient,
resolving spontaneously through the course of disease or with treatment [6, 10, 12].

Though currently included in the consensus criteria for definite autoimmune lim-
bic encephalitis [6], FDG-PET may in the future prove to play an important role in
the diagnostic evaluation of patients with suspected autoimmune encephalitis.
Consensus criteria include hypermetabolism of the mesial temporal lobe in lieu of
T2 hyperintensities on MRI as meeting the radiographic criterion for definite auto-
immune limbic encephalitis [6]. This criterion is based on primarily qualitative
observations of FDG-PET studies from small series of patients with a variety of
autoantibody syndromes, chiefly anti-NMDA receptor and anti-LGI1 encephalitis.
In a recent retrospective series applying semiquantitative techniques, brain FDG-
PET/CT was observed to often be abnormal in patients with possible autoimmune
encephalitis, most commonly demonstrating hypometabolism [17, 18].
Demonstration of abnormalities by brain FDG-PET/CT was also noted to be in
weak agreement with detection of abnormalities on at least two of the routine diag-
nostic assessments (CSF analysis, brain MRI, and/or EEG), suggesting its potential
utility in addition to these routine studies in the diagnosis of possible autoimmune
encephalitis [17]. Some series have also found that FDG-PET may be more sensi-
tive than brain MRI for abnormalities in autoimmune encephalitis [18]. Finally,
characteristic metabolism patterns have been noted in some autoimmune encepha-
litides which have been found to resolve with patient clinical improvement, such as
parieto-occipital hypometabolism and relative anterior hypermetabolism in anti-
NMDAR encephalitis [18-20]. Much work remains to prospectively assess the util-
ity of FDG-PET in the diagnosis and clinical monitoring of autoimmune encephalitis,
including its differentiation from other causes of encephalitis (e.g., infectious
encephalitides) and syndromes (e.g., psychiatric, drug-induced).

Several autoantibodies directed against neuronal targets have been described in
autoimmune encephalitis, with patients at times presenting with additional neuro-
logical symptoms and signs suggestive of particular autoantibody syndromes
(Table 12.3). The autoantibodies themselves may play a direct role in disease patho-
genesis or may be markers of systemic immunoreactivity directed against the ner-
vous system [4, 21, 22]. It is not uncommon for multiple autoantibodies to be detected
in the serum. For instance, in a review over 550 seropositive patients evaluated for a
paraneoplastic neurological syndrome at a tertiary medical center, nearly a third were
found to have multiple autoantibodies [23]. The pattern of autoantibodies detected
was suggestive of the cancer ultimately detected and was not specific for a particular
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Table 12.3 Autoantibodies in autoimmune encephalitis [4, 6, 64]

Syndrome and

associated
neurological Other associated Frequency | Main cancer
findings neurological syndromes | of cancer | type
Antibodies against intracellular antigens
Hu (ANNA1) Limbic Brainstem encephalitis, >95% Small-cell
encephalitis encephalitis, subacute lung
cerebellar degeneration, carcinoma
myelitis, sensory
neuronopathy,
autonomic neuropathy,
peripheral neuropathy
Amphiphysin Limbic Stiff-person syndrome, Small-cell
encephalitis encephalitis, subacute lung
cerebellar degeneration, carcinoma,
myelopathy, subacute breast,
sensory neuronopathy, thymoma
peripheral neuropathy
CV2/CRMP5 Limbic Encephalitis, chorea, Small-cell
encephalitis subacute cerebellar lung
degeneration, cranial carcinoma,
neuropathies, uveitis, uterine
optic neuritis, sarcoma
retinopathy, myelopathy,
subacute sensory
neuronopathy,
autonomic neuropathy,
peripheral neuropathy
Ma2 Limbic Brainstem encephalitis, >95% Testicular
encephalitis hypothalamic seminoma
encephalitis,
mesencephalic
encephalitis, subacute
cerebellar degeneration
GAD 65 (65 kDa | Limbic Stiff-person syndrome, 25% Thymoma,
glutamic acid encephalitis cerebellar ataxia, small-cell
decarboxylase) epilepsy, brainstem lung
encephalitis carcinoma
Antibodies against synaptic receptors
NMDA receptor | Anti-NMDA Anxiety, psychosis, Varies Ovarian
receptor epilepsy, extrapyramidal | with age teratoma
encephalitis disorder, and sex
hypoventilation, central
AMPA receptor | Limbic Epilepsy, nystagmus 65% Thymoma,
encephalitis small-cell
lung
carcinoma
GABA-B Limbic Epilepsy, cerebellar 50% Small-cell
receptor encephalitis ataxia lung

carcinoma
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Table 12.3 (continued)

Syndrome and
associated
neurological Other associated Frequency | Main cancer
findings neurological syndromes | of cancer | type
GABA-A Encephalitis Epilepsy, cerebellar <5% Thymoma
receptor ataxia
mGluR5 Encephalitis 70% Hodgkin’s
lymphoma
Dopamine 2 Basal ganglia Sydenham chorea 0%
receptor encephalitis
Antibodies against ion channels and other cell-surface proteins
LGI1 (leucine- Limbic Faciobrachial dystonic 5-10% Thymoma
rich glioma- encephalitis seizures, abnormal sleep
inactivated 1) behavior
CASPR2 Limbic Morvan syndrome, 20-50% Thymoma
(contactin- encephalitis neuromyotonia
associated
protein 2)
DPPX Encephalitis Psychiatric symptoms, <10% Lymphoma
(dipeptidyl- diarrhea tremor,
peptidase-like nystagmus,
protein 6 hyperekplexia, ataxia,
progressive
encephalomyelitis with
rigidity and myoclonus
(PERM)
MOG (myelin Acute Neuromyelitis optica, 0%
oligodendrocyte | disseminated optic neuritis, myelitis
glycoprotein) encephalomyelitis
Aquaporin 4 Encephalitis Neuromyelitis optica, 0%
optic neuritis, myelitis

neurological syndrome [23]. In addition, autoantibodies have been detected in non-
paraneoplastic, non-encephalitic syndromes, including Creutzfeldt-Jakob disease
[24, 25]. Thus, in utilizing autoantibody testing in the serum alone, one runs the risk
of detecting multiple autoantibodies, many of which are not involved in the patho-
genesis of autoimmune encephalitis, leading to potential misdiagnosis. This issue of
diminished specificity is compounded by the poorer sensitivity for serum autoanti-
body testing compared to autoantibody testing in the CSF [10, 13]. In light of these
observations, current consensus recommendations include not only autoantibody
testing in the serum but also concurrent testing in the CSF [6].

Intersection of Infection and Autoimmunity

As many as 10-25% of patients who experience an episode of herpes simplex
encephalitis (HSE) will develop a relapse of neurologic symptoms weeks to months
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later in the absence of evidence of ongoing virus production [26]. Until recently the
pathophysiology of these symptoms remained unclear and represented both a diag-
nostic and therapeutic challenge to clinicians. However, evidence has emerged that
a number of these cases represent an autoimmune phenomenon in association with
the development of antibodies to the NMDA receptor, thus representing a post-
infectious autoimmune encephalitis. Indeed, such patients typically develop symp-
toms 4-6 weeks after HSE, have negative testing for herpes virus at the time of
relapse, develop new enhancing or confluent lesions on brain MRI, demonstrate the
presence of anti-NMDAR antibodies in the serum and/or CSF, and improve follow-
ing the administration of immunotherapy [27, 28]. While an infection may lead to
the generation of autoimmunity by a number of differing mechanisms including
molecular mimicry, dysregulation of immune checkpoints, uncovering of cryptic
neural epitopes, and bystander activation [28], the mechanisms by which HSE leads
to the generation of anti-NMDAR antibodies remain to be discovered.

Identification of Autoantibodies

Autoantibody identification in autoimmune encephalitis is a rapidly emerging field
that is typically based upon one or a combination of methodologies, including
immunohistochemistry (IHC) on rodent brain sections, immunocytochemistry
(ICC) of live primary neurons, and cell-based assays (CBA) where nonneural cells
are transfected with an antigen of interest. Each of these methodologies has advan-
tages and disadvantages, and together they can complement each other in the iden-
tification of autoantibodies. With ICC, for example, the tissue is typically from an
adult animal and thus expresses mature (and likely relevant) antigens, various brain
regions can be utilized, both cell surface and intracellular staining can be appreci-
ated, and there is tremendous experience in interpretation of specific staining pat-
terns [29]. Disadvantages are that the tissue is typically fixed in paraformaldehyde
which even when done briefly may result in alteration of antigens and that cross-
species differences between proteins may result in false negatives in some cases.
ICC typically involves addition of serum or CSF to live primary rat hippocampal
neurons such that the autoantibody only has access to the extracellular compart-
ment, an advantage being specific detection of binding to extracellular epitopes.
Disadvantages include the possibility that cultured hippocampal neurons may not
express the range of antigens expressed in mature tissue, and that antigens expressed
by other neuronal subtypes may not be found in hippocampal neurons, thus contrib-
uting to false negatives. Most CBAs utilize transfection of the antigen of interest
into human embryonic kidney (HEK) cells, followed by either fixed or live staining
utilizing either ICC or flow cytometry. Such methodologies theoretically allow for
the precise detection of single autoantigens that serve as a target for patient autoan-
tibodies [30, 31] and have been reported to have high sensitivity and specificity [30,
32, 33]. However, confounding factors include the potential need to express addi-
tional proteins to aid in targeting or localization of the antigen of interest to the cell
surface, the potential for excitotoxicity in the setting of overexpression of ion



12 Autoimmune Encephalitis 183

channels, and subjectivity with scoring of ICC. Moreover, the need for a priori
knowledge of the antigen of interest limits the potential for discovery of new auto-
antigens by CBA [29].

Treatment

Treatment of patients with autoimmune encephalitis entails a three-part approach
that addresses (1) the autoimmune syndrome with immunotherapy, (2) an underly-
ing malignancy if detected, and (3) treatment of associated sequelae of the syn-
drome. As autoimmune encephalitis is rare, our understanding of disease
mechanisms, expert opinion, case series, and a few prospective trials guides treat-
ment selection. Important factors in treatment consideration are the autoantibody
detected, patient comorbidities and sensitivities, and the phase of illness (Table 12.4).

In the acute setting, autoimmune encephalitides associated with autoantibodies
directed at cell membrane proteins tend to respond well to antibody-directed thera-
pies such as intravenous immunoglobulin and plasmapheresis. These treatments
often follow or accompany courses of intravenous corticosteroids such as intrave-
nous methylprednisolone. Second-line therapies used in the acute phase include
rituximab and cyclophosphamide. Mycophenolate and azathioprine are typically
used in the maintenance phase, as are rituximab, cyclophosphamide, corticoste-
roids, and intravenous immunoglobulin [34-36].

Table 12.4 Common therapies for autoimmune encephalitis. Modified from [65]

Therapies Side effects

First line

Intravenous Insomnia, psychiatric symptoms, hyperglycemia, electrolyte
methylprednisolone abnormalities, fluid retention, hypertension, peptic ulcer, Cushing

syndrome, cataracts, infection, osteoporosis, avascular necrosis,
Addisonian crisis in setting of rapid withdrawal

Intravenous Headache, aseptic meningitis, thromboembolic events, acute renal

immunoglobulin® failure, anaphylaxis in those IgA deficient

Plasmapheresis Hypotension, electrolyte imbalance. With central line, infection,
hemorrhage, thrombosis, pneumothorax

Second line

Rituximab?® Allergic reaction, opportunistic infection, reactivation of tuberculosis
or hepatitis B

Cyclophosphamide® Nausea, vomiting, alopecia, mucositis, hemorrhagic cystitis, infertility,
myelosuppression

Maintenance

Mycophenolate Diarrhea, nausea, vomiting, hypertension, peripheral edema,

mofetil infections, myelosuppression, lymphoma, and other malignancies

Azathioprine Diarrhea, nausea, vomiting, hypersensitivity reaction, alopecia,

cytopenia, hepatotoxicity, lymphoma, infection

3Can be used in both acute and maintenance phases of treatment
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In the case of autoimmune encephalitides associated with autoantibodies directed
against intracellular antigens, immunomodulatory therapies such as plasmapheresis
do not seem to be of benefit [9, 37]. Therapies directed at reducing the cell-mediated
immune response, such as the cytotoxic agent cyclophosphamide and lymphocyte-
specific medications such as mycophenolate, play an important role in mitigating
the cytotoxic response and with hopes of minimizing the extent of consequent neu-
ronal injury. The detection and treatment of an underlying cancer can have a dra-
matic clinical impact and play an important role in treatment. For instance, resection
of detected ovarian teratomas has been considered as first-line treatment along with
intravenous steroids, intravenous methylprednisolone, and plasmapheresis exchange
in anti-NMDAR encephalitis [10]. Similarly, the chemotherapeutic medications
used in the treatment of cancer have effects not only on the antigenic source, the
cancer, but also immunosuppressive effects which can impact the immune response
underlying the autoimmune encephalitis.

There are no guidelines of when is it appropriate to escalate from first- to second-
line treatments, with administration of second-line agents typically utilized for cases
of non-response or incomplete response to first-line therapies or for severe presenta-
tions of disease. In the largest series of anti-NMDAR encephalitis, the relapse rate
for those treated with first-line therapy alone was 12%, while 10% of those treated
with second-line therapy relapsed within the same time period [10]. There is mount-
ing evidence for the use of rituximab as second-line immunotherapy in autoimmune
encephalitis, regardless of antibody status, given reported tolerability and improved
outcomes after first-line treatment [11, 38]. In addition, there is consideration for its
use as a first-line agent, though prospective studies of this approach are lacking [6].
An additional therapeutic challenge revolves around duration of treatment. As with
the decision to escalate treatments in autoimmune encephalitis, there are no guide-
lines as to how long to maintain such treatments. Goals of long-term immune treat-
ment include cessation of neuroinflammation and attendant neurodegeneration, as
well as limiting the risk of autoimmune relapse. While in many cases the ongoing
neuroinflammation may subside over months, relapses can occur many years after
the initial event [39]. A practical approach for patients with moderate to severe auto-
immune encephalitis is to continue immunotherapy for 18-24 months with ongoing
clinical and radiographic assessment of disease activity. Upon reaching a period of
clinical stability, immune treatments can be gradually weaned with careful and fre-
quent reassessment to determine whether treatment needs to be reinstituted.

Emerging Therapies

In patients who do not respond adequately to rituximab, tocilizumab, a monoclonal
antibody against the interleukin-6 (IL-6) receptor, may hold promise. IL-6 is an
important pro-inflammatory cytokine that has broad effects on multiple immune
cells, and a number of recent efforts have focused on targeting the cytokine or its
receptor to modulate inflammatory disease [40]. In a retrospective institutional
cohort study of patients with autoimmune encephalitis initially treated with



12 Autoimmune Encephalitis 185

rituximab, tocilizumab resulted in better long-term outcomes compared to those
given further rituximab or no subsequent treatment [41]. More recently, bortezomib,
a proteasome inhibitor, was employed in patients with anti-NMDAR encephalitis,
with the rationale that this drug can deplete plasma cells and potentially decrease
levels of pathogenic autoantibodies. Four of five patients with treatment-refractory
anti-NMDAR encephalitis treated with bortezomib were reported to show clinical
improvement or disease remission and a corresponding fall in CSF antibody levels
[42]. Another pro-inflammatory cytokine, interleukin-1 (IL-1), has also received
recent attention as a potential therapeutic target, since levels of its antagonist are
elevated in patients with a good outcome following encephalitis of infectious or
autoimmune cause [43]. Indeed, a recent case report described the recovery of a
patient with a chronic autoimmune meningoencephalitis following treatment with
anakinra, an IL-1 receptor antagonist [44]. Notably, despite the growing number of
potential therapeutic options, at the moment there is not enough evidence to inform
arationale treatment algorithm for those with autoimmune encephalitis refractory to
conventional second-line agents.

Major Gaps

Despite the many advances described above, substantial gaps remain in our knowl-
edge of diagnosis, treatment, and outcomes of autoimmune encephalitis. Here we
discuss three such gaps: (1) arriving at an etiologic diagnosis for patients, (2) devel-
opment of therapies based upon personalized medicine, and (3) achieving a more
refined understanding of the sequelae of autoimmune encephalitis.

An Etiologic Diagnosis

Despite extensive testing for infectious and autoimmune conditions, up to 40% of
all cases of acute encephalitis remain without an etiologic diagnosis [45, 46]. It is
likely that some of these cases are accounted for by autoimmune conditions. Indeed,
novel autoantibodies are being identified at a rapid clip via the methodologies men-
tioned above coupled with mass spectrometric identification of autoantigens [29].
However, screening techniques based upon rodent tissue may miss some human
autoantigens, and thus the development of human protein-, cell-, or tissue-based
platforms to identify novel autoantibodies is of importance. Protein display tech-
nologies such as phage immunoprecipitation sequencing (PhIP-Seq) can be utilized
to identify binding between autoantibodies and large libraries of overlapping pep-
tides that span most, if not all, of the human peptidome and have already been uti-
lized to identify novel paraneoplastic autoantigens [47]. More recently, an in vitro
translation platform termed parallel analysis of translated ORFs (PLATO) has been
developed that enables translated proteins to remain bound to their mRNA. Thus,
when autoantibody-antigen complexes are identified, the still attached mRNA
allows for ready identification of the antigen of interest [48]. Notably, the approaches
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detailed above focus only on identification of autoantibodies, and it is becoming
increasingly likely that additional novel autoantibodies will account for small pro-
portions of disease. Disorders of cell-mediated immunity, which are not as readily
identified as autoantibody-mediated disease, will likely account for a substantial
proportion of undiagnosed autoimmune encephalitis cases. A combination of
approaches, including careful clinical and immunophenotyping as well as immuno-
genetics, will be needed to elucidate these causes.

Toward Personalized Therapy

Current therapeutic paradigms for autoimmune encephalitis utilize broad strokes to
impact the immune system and in so doing place patients at particular risk for oppor-
tunistic infections, malignancy, and systemic complications. Thus, a major challenge
is to develop a more personalized approach to therapy based upon the specific patho-
genic mechanism driving the disease process in each patient. There has been much
interest in developing antigen-specific approaches that induce immune tolerance by
targeting antigen-presenting cells (APCs) or T cells. For example, when an autoanti-
gen is presented by an APC in the presence of low levels of co-stimulatory molecules
and without additional activating stimuli, the T cell can be driven toward an anergic
state that may at least transiently halt the autoimmune process. Engagement of addi-
tional negative signals between APCs and T cells can lead to death of T cells via clonal
deletion or apoptosis, potentially resulting in longer-lived antigen-specific effects
[49-51]. Current efforts are focused on cytokine-, cell-, and particle-based approaches
as well as alternate antigen delivery methods (i.e., oral) that can cause specific repro-
gramming of lymphocytes either directly or through effects on APCs [49]. T cells can
also be engineered to specifically detect and kill cells expressing a particular cell sur-
face receptor [52, 53]. This technology, termed chimeric antigen receptor T cells
(CAR-T), has been recently applied to a model of the autoimmune disease pemphigus
vulgaris in which autoreactive antibodies target the protein desmoglien-3 (DSG3).
CAR-T cells were found to selectively kill DSG3-reactive B cells, decrease autoreac-
tive antibody titers, and prevent disease in this disorder of systemic autoimmunity
[54]. It will be of interest to determine whether such approaches readily translate to
disorders of CNS autoimmunity. Recent work on neuromyelitis optica (NMO), an
autoimmune demyelinating disorder of the CNS, may also provide direction on novel
specific therapies for autoimmune encephalitis. NMO is caused by binding of patho-
genic autoantibodies to the aquaporin-4 (AQP4) water channel on astrocytes, resulting
in complement-dependent cytotoxicity and antibody-dependent cell-mediated cyto-
toxicity. Mutation of the antibody to remove the pathogenic effector functions while
maintaining tight binding to AQP4 resulted in a nonpathogenic antibody that com-
peted with pathogenic antibodies for AQP4 binding, resulting in amelioration of lesion
formation in a mouse model of disease [55]. Such approaches may be applicable to
autoimmune encephalitis. Notably, methodologies that enable the identification and
cloning of patient-specific autoantibodies in autoimmune encephalitis may facilitate
the development of blocking antibodies as specific therapies [56].
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Sequelae of Autoimmune Encephalitis

Following an episode of autoimmune encephalitis, patients experience a variety of
neurocognitive sequelae and are at risk for seizures; however our understanding of
the true impact of these is limited to case series and retrospective studies [57]. Not
only are seizures a common initial presentation of autoimmune encephalitis, but
many patients develop postencephalitis epilepsy [58, 59]. Antiepileptics are there-
fore commonly used both acutely and in the maintenance phase after the initial
episode of encephalitis has resolved. In a subset of patients, antiepileptic medica-
tions alone were effective in controlling seizures [59], with consideration for anti-
epileptic selection based on patient-specific factors. Additionally, patients can
experience long-term cognitive effects as a consequence of structural damage to
underlying systems [60]. As such, patients may benefit from comprehensive reha-
bilitation services, with therapies tailored to specific patient deficits. Patients may
also experience psychiatric sequelae such as psychosis and catatonia, both acutely
as a part of the autoimmune encephalitis syndrome and chronically, necessitating
psychiatric management. One point of caution is the use of antipsychotic medica-
tions in patients with anti-NMDAR encephalitis given observation of intolerance to
these medications characterized by high temperature, mutism, coma, muscle rigid-
ity, and rhabdomyolysis [61]. Finally, some of the treatments used may themselves
have neurobehavioral side effects, such as steroid-induced encephalopathy or anti-
epileptic effects on concentration, memory, and mood [62, 63]. Future prospective
studies of the long-term outcomes in patients with autoimmune encephalitis as well
as sequelae of encephalitis and adverse effects of treatment are needed to help guide
our care of patients as they recover as well as in counseling of patients and families
regarding diagnosis, prognosis, and treatment selection.
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Prathit A. Kulkarni and Jose A. Serpa

Introduction

Syphilis is a predominantly sexually transmitted infectious disease caused by the
organism Treponema pallidum subspecies pallidum. Syphilis as a disease was first
described in writing during the late 1400s in Europe [1]. The causative organism,
Treponema pallidum (initially called Spirochaeta pallida), was not identified until
the early twentieth century [2].

The concept of syphilis affecting the central nervous system was also described
in the early twentieth century. For example, early studies demonstrated that between
30% and 70% of patients with secondary syphilis had cerebrospinal fluid (CSF)
abnormalities [3]. More recent studies have shown similar findings [4, 5]. However,
neurosyphilis is sometimes mistakenly thought of as “late” manifestation of syphilis
or perhaps as a form of tertiary syphilis. While it is true that some forms of neuro-
syphilis do occur late in the course of disease, neurological symptoms and/or CSF
abnormalities can be present during all stages of syphilis.

It is also important to note that the term “neurosyphilis” does not, on its own,
signify a specific neurological syndrome. Rather, it only implies that the central
nervous system (CNS) has been infected by 7. pallidum. The range of neurological
manifestations that might be produced by CNS infection is wide, as described later
on. Also important is the fact that CNS infection by 7. pallidum does not necessarily
result in immediate neurological signs or symptoms, a condition called asymptom-
atic neurosyphilis.

P. A. Kulkarni - J. A. Serpa (P<)

Department of Medicine, Section of Infectious Diseases, Baylor College of Medicine,
Houston, TX, USA

e-mail: Prathit. A.Kulkarni @uth.tmc.edu; Jose.A.Serpa@uth.tmc.edu

© Springer International Publishing AG, part of Springer Nature 2018 191
R. Hasbun (ed.), Meningitis and Encephalitis,
https://doi.org/10.1007/978-3-319-92678-0_13


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-92678-0_13&domain=pdf
mailto:Prathit.A.Kulkarni@uth.tmc.edu
mailto:Jose.A.Serpa@uth.tmc.edu

192 P. A. Kulkarni and J. A. Serpa

Table 13.1 Definitions for terms related to clinical stages of syphilis

Term Definition

Syphilis Generic term that refers to infection with the organism Treponema pallidum
at any stage with or without the presence of any clinical signs or symptoms
Early syphilis | Generally thought to encompass primary syphilis, secondary syphilis, and
early latent syphilis

Late syphilis Thought to represent late latent syphilis and tertiary syphilis

Primary Initial stage of syphilis consisting of a genital chancre that appears at the site

syphilis of inoculation approximately 10-90 days after acquisition of the infection [2]

Secondary Second stage of syphilis resulting in a wide spectrum of symptoms, including

syphilis fevers, malaise, lymphadenopathy, and rash (among myriad other
possibilities)

Early latent Evidence of infection due to T. pallidum as determined by serological testing

syphilis but absence of signs or symptoms of clinical disease with infection having
occurred within the prior 12 months [25]

Late latent Evidence of infection due to T pallidum as determined by serological testing

syphilis but absence of signs or symptoms of clinical disease with infection having
occurred more than 12 months prior [25]

Tertiary Last stage of syphilis thought to occur approximately 5-30 years after initial

syphilis infection with major forms being cardiovascular syphilis and non-CNS

gummatous syphilis [2]

Neurosyphilis | Infection of the CNS due to Treponema pallidum can occur at any stage of
syphilis

Early Neurosyphilis that occurs in the initial months to years after infection;
neurosyphilis | thought to affect CSF, meninges, and vasculature more often and comprise
the syndromes syphilis meningitis and meningovascular syphilis [3]

Late Neurosyphilis that occurs years to decades after initial infection; affects brain
neurosyphilis | and spinal cord parenchyma more often; comprises the clinical syndromes
general paresis (also known as syphilitic dementia or dementia paralytica)
and tabes dorsalis [3]

Definitions/Terminology

The terminology surrounding different stages of syphilis and of neurosyphilis can
be confusing. For the remainder of this chapter, it will be useful to define the terms
that will be used in the interest of clarity; these terms are delineated in Table 13.1.

Clinical Presentation and Epidemiology
Natural History of Neurosyphilis

CNS invasion by spirochetes after initial infection can occur quickly. This initial inva-
sion during the primary and secondary stages of syphilis can be asymptomatic or
result in symptoms. If symptoms occur, they typically result in aseptic meningitis [6].

Whether or not asymptomatic neurosyphilis occurs during early syphilis, stan-
dard therapy for syphilis is thought to adequately prevent neurosyphilis. This was
demonstrated in a number of studies performed during the 1950s and 1960s [7-12].
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Although these studies were performed before the emergence of the HIV epidemic,
a subsequent study in the 1990s that included more than 100 HIV-infected patients
confirmed that enhanced therapy for early syphilis did not improve treatment out-
comes despite detection of 7. pallidum in CSF of ~25% of patients who were tested
prior to therapy [5]. Ocular and otologic syphilis are most often a part of early neu-
rosyphilis but can occur at any stage of the disease.

If a patient does not receive therapy during primary or secondary syphilis or if
initial treatment is inadequate, spirochetes can replicate in the CNS and produce
disease over time, resulting in meningovascular syphilis or forms of late neuro-
syphilis, including general paresis and tabes dorsalis [2].

As described in the terminology above, the term “early neurosyphilis” refers to
disease which is thought to occur months to years after initial infection and most
often results in syphilitic meningitis or meningovascular syphilis. It is important to
note that the time frame of “early neurosyphilis” does not necessarily correspond
directly to the time frame comprising “early syphilis.” For example, in the case of
meningovascular syphilis, symptoms developed an average of 7 years after initial
infection [13, 14]. Late neurosyphilis is thought to occur many years to decades
after initial infection. A useful illustration emphasizing these parallel timelines of
the typical stages of syphilis and the progression of neurosyphilis is given in
Fig. 13.1.

Approximate Timeline

10-90 days

4-10 weeks

10 weeks—
1 year

1-5 years

5-15+ years

Fig. 13.1 This figure depicts the natural history and approximate timeline of untreated syphilis.
Patients with primary and secondary syphilis can have asymptomatic neurosyphilis. The organism
can be cleared from the CNS or can progress to early or late neurosyphilis. If asymptomatic neu-
rosyphilis does not occur, the patient enters a phase, a latent infection which can progress to ter-
tiary syphilis later on. It is important to note that asymptomatic neurosyphilis and early
neurosyphilis can occur for up to years after initial infection
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The relationship between HIV and neurosyphilis is complex and has led to dif-
ferent opinions about the management of syphilis and the need for lumbar puncture
(LP) in this population. For example, in a study of 326 HIV-infected patients with
syphilis, a peripheral CD4* cell count of <350 cells/pl was found to approximately
triple the odds of neurosyphilis [15]. In another study of 180 patients with 231 epi-
sodes of a new diagnosis of syphilis, patients who had been on antiretroviral therapy
prior to diagnosis had decreased the likelihood of having neurosyphilis (odds ratio
0.35) [16]. This study also confirmed the finding of approximately threefold
increased odds of neurosyphilis when the CD4* count was <350 cells/microliter at
the time of diagnosis.

Epidemiological Considerations

Syphilis became a reportable disease in the United States in 1941 [2]. Since that
time, the incidence of syphilis had been declining overall and reached its nadir in
the year 2000 [3]. However, since that time, the incidence of syphilis has been
increasing [3].

It is generally thought that the incidence of “late neurosyphilis” has been
declining over the last several decades [2, 3]. For example, tabes dorsalis in par-
ticular is extremely rarely diagnosed today, although precisely speaking, neuro-
syphilis itself is not a reportable condition; therefore, exact incidence rates are not
available [2]. In addition, general paresis has become rare enough that the
American Academy of Neurology does not recommend routine testing for syphi-
lis (in the absence of risk factors) as part of a standard work-up for causes of
dementia symptoms [17]. However, a recent review article from 2016 that evalu-
ated 137 articles on the subject of neurosyphilis from 2010 to 2014 identified
general paresis as the most common clinical presentation of neurosyphilis, occur-
ring in almost 50% of 286 patients [18].

Forms of Neurosyphilis

Asymptomatic Neurosyphilis

By definition, patients with asymptomatic neurosyphilis do not have any neurologi-
cal signs or symptoms. However, they have laboratory evidence of CNS invasion by
T. pallidum. As noted above, many patients with primary syphilis and secondary
syphilis have laboratory evidence of neurosyphilis in the absence of neurological
signs or symptoms.

Asymptomatic neurosyphilis is sometimes thought to occur within the first few
years of infection. However, it is important to note that asymptomatic neurosyphilis
can be present later on. Patients with untreated or incompletely treated primary,
secondary, or latent syphilis can harbor 7. pallidum in the CNS for years, leading to
late neurosyphilis in the future.
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Early Neurosyphilis (Meningitis and Meningovascular Syphilis)

As mentioned above, early neurosyphilis tends to occur in the months to years fol-
lowing infection [3]. Early neurosyphilis is typically thought to comprise syphilitic
meningitis and meningovascular syphilis.

Syphilitic meningitis most commonly occurs within 1 year of infection; how-
ever, meningitis can occur later as well [6]. Syphilitic meningitis resembles other
forms of aseptic meningitis in its typical presentation [3]. In some instances, the
spinal cord can also be involved, resulting in meningomyelitis or the so-called
hyperplastic pachymeningitis [19]. In these cases, patients have typical symptoms
of spinal cord pathology.

Meningovascular syphilis is typically thought of as a form of “early neurosyphi-
lis” [2, 3]. The pathogenesis of meningovascular syphilis is inflammation of CNS
vasculature, most often resulting in ischemia or infarction of the brain or spinal cord
[3]. The clinical presentation will depend upon the particular neuroanatomical loca-
tion of the ischemic event.

Late (Parenchymal) Neurosyphilis (General Paresis and Tabes

Dorsalis)

Late neurosyphilis occurs years to decades after initial infection and is thought to
result from the lack of or inadequate treatment at earlier stages of the disease [2, 3].
The main forms of late neurosyphilis are general paresis, also termed syphilitic
dementia or dementia paralytica, and tabes dorsalis.

The term general paresis refers to the development of chronic neuropsychiatric
symptoms. These symptoms can include personality changes, depressive symp-
toms, and psychotic symptoms. Most commonly, though, the disease manifests as
progressive dementia with difficulties in judgment and memory, similar to other
forms of progressive dementia. General paresis typically occurs anywhere from 2 to
greater than 40 years after initial infection [2, 14, 20, 21]. One study identified a
mean duration of infection prior to diagnosis of 10.5 years [21].

Tabes dorsalis, also known as locomotor ataxia, is a progressive form of late
neurosyphilis that results in a variety of neurological signs and symptoms. These
include electric pain, ataxia, paresthesias, loss of vibratory sensation and sensation
to light touch, and pupillary abnormalities [3]. The pupillary abnormalities in tabes
dorsalis reflect the so-called Argyll Robertson pupil, present in approximately half
of patients with tabes dorsalis in one series [14]. The Argyll Robertson pupil does
not constrict normally in response to light but does maintain response to accommo-
dation. The electric pains described in the same series of cases of tabes dorsalis
consisted of paroxysmal electric-type pain occurring in the face, back, and extremi-
ties. The pain lasted anywhere from several minutes up to several days.

CNS Gummatous Syphilis

Classically, “gummatous syphilis” is thought to be a tertiary form of the disease;
this is typically the case with gummata that are present on the skin, bones, or viscera
[2]. However, in the case of CNS gummatous syphilis, formation of gummata can
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occur at many different stages of neurosyphilis [3]. Gummata can arise from the
meninges (most commonly the pia mater) or from the brain parenchyma itself.
Gummata are well-circumscribed masses of granulomatous inflammation with lym-
phocytes and plasma cells with endarteritis and fibroblast and vascular prolifera-
tion; multinucleated giant cells are also present in some instances [22].

Ocular Syphilis

Ocular syphilis can occur at any stage of syphilis, but it is more commonly seen
accompanying syphilitic meningitis. All parts of the eye may be affected. Various
manifestations of ocular syphilis include optic neuritis, perineuritis (inflammation
of the optic nerve sheath), episcleritis, interstitial keratitis, anterior uveitis, and pos-
terior uveitis [2, 3]. Primary optic atrophy and retinal detachment can occur [2].
Anterior uveitis is often painful, while posterior uveitis is usually not [3].

Otologic Syphilis

Otologic syphilis, like ocular syphilis, can occur at any stage of syphilis. It most
often manifests as hearing loss, either unilateral or bilateral. Symptoms such as
vertigo and tinnitus can sometimes accompany hearing loss. Symptoms might
sometimes be paroxysmal [23]. Otologic syphilis can occur in the presence or
absence of syphilitic meningitis. In the presence of meningitis, cranial nerve VIII is
thought to suffer inflammation, resulting in symptoms [2, 3]. In the absence of men-
ingitis, there is probably osteitis of the temporal bone with long-term damage to the
cochlea and labyrinth [2, 3].

Diagnosis
Diagnostic Criteria

The diagnosis of neurosyphilis can be straightforward in some instances but can be
quite challenging in others. In particular, the diagnosis becomes more difficult when
the CSF Venereal Disease Research Laboratory (VDRL) test is nonreactive. The
CSF VDRL is considered to be highly specific for the diagnosis of neurosyphilis at
any stage of the disease [2, 3, 24, 25]. However, its sensitivity is relatively low, rang-
ing between 30% and 70% [3]. Therefore, a negative CSF VDRL test does not rule
out the diagnosis of neurosyphilis, a key point that cannot be overemphasized. The
current CDC case definition for neurosyphilis is given in Table 13.2.

Of note, although not explicitly stated in the case definition, CDC also writes,
“Among persons with HIV infection, CSF leukocyte count usually is elevated (>5
white blood cell count [WBC]/mm?). Using a higher cutoff (>20 WBC/mm?) might
improve the specificity of neurosyphilis diagnosis” [24, 25]. Also, although not spe-
cifically a part of the case definition, it is also important to consider the utility of the
CSF fluorescent treponemal antibody absorbed (FTA-ABS) test. According to CDC,
the “CSF FTA-ABS test is less specific for neurosyphilis than the CSF-VDRL but
is highly sensitive. Neurosyphilis is highly unlikely with a negative CSF FTA-ABS
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Table 13.2 2015 CDC case definition for neurosyphilis (modified format) [57]

Confirmed case
Positive CSF VDRL
and

Either reactive serum nontreponemal test or reactive serum treponemal test

Probable case
Negative CSF VDRL
and

Either reactive serum nontreponemal test or reactive serum treponemal test
and

Elevated CSF protein (>50 mg/dL) or WBC count (>5 WBCs/mm?)
and

Clinical signs or symptoms consistent with neurosyphilis without other known causes for
these abnormalities

CSF cerebrospinal fluid, VDRL Venereal Disease Research Laboratory, WBC white blood cell

test, especially among persons with nonspecific neurologic signs and symptoms.”
This topic was extensively reviewed in an article from 2012 [26]. The performance
of CSF treponemal-specific antibody tests was close to but not uniformly 100%.
Therefore, the negative predictive value of CSF FTA-ABS should take into account
pretest probability of disease before being used as definitive evidence for ruling out
neurosyphilis.

It should be noted that alternative diagnostic algorithms and criteria have been
recommended by some experts [3]. These recommendations emphasize different
diagnostic approaches for persons living with and without HIV; for patients living
with HIV, factors such as CD4* count, HIV viral load, and CSF FTA-ABS are part
of the diagnostic algorithm.

Role of Lumbar Puncture in Neurosyphilis

One of the major questions that should be asked for every patient diagnosed with syphi-
lis is whether or not the patient should undergo CSF examination by means of LP.

In the 2015 CDC Sexually Transmitted Diseases Treatment Guidelines, the fol-
lowing approach is stated regarding this question: “unless clinical signs or symp-
toms of neurologic or ophthalmic involvement are present, routine CSF analysis is
not recommended for persons who have primary or secondary syphilis” [24, 25].
Regarding latent syphilis, “Persons who receive a diagnosis of latent syphilis and
have neurologic signs and symptoms... should be evaluated for neurosyphilis” [24,
25]. Contrary to this, all patients with tertiary syphilis (cardiovascular syphilis or
gummatous syphilis) “should receive a CSF examination before therapy is initi-
ated,” regardless of the presence or absence of symptoms [24, 25]. In addition, a
“CSF examination should be performed in all instances of ocular syphilis, even in
the absence of clinical neurologic findings” [24, 25]. Regarding otologic syphilis, it
might be reasonable to perform a CSF examination when otologic syphilis is
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suspected (and no other neurological signs or symptoms are present), although this
issue has not been systematically studied. Of note, some experts recommend con-
sidering LP if the serum RPR is >1:32 [3].

With regard to HIV in particular, the question of which HIV-infected patients
should undergo CSF examination is less straightforward and more controversial.
The reason for this is that there is some evidence that HIV-infected patients have a
higher risk of developing neurosyphilis as compared to HIV-uninfected patients, as
discussed above. In addition, there is some evidence of higher rates of relapse and
failure of treatment for neurosyphilis. For example, 4 out of 12 patients with AIDS
and new diagnosis of neurosyphilis in a study from 1989 had been previously treated
for syphilis [27]. In addition, increased reports of early neurosyphilis in HIV-
infected patients emerged in the 1980s around the same time the HIV epidemic was
unfolding [28]. With regard to failure of treatment for neurosyphilis, in a prospec-
tive study from 2004, the hazard ratio for HIV-infected patients to normalize CSF
VDRL was 0.4 [29]. On the other hand, a large study conducted by CDC in the early
1990s demonstrated that enhanced therapy for early syphilis did not result in
improved outcomes, regardless of HIV coinfection [5].

According to CDC guidelines, criteria for performing LP for HIV-infected
patients with primary, secondary, or latent syphilis are no different than for HIV-
uninfected patients. Other experts recommend different testing strategies for patients
living with HIV [3].

Diagnosis of Ocular Syphilis

Another important diagnostic consideration is the diagnosis of ocular syphilis. In a
situation where concomitant meningitis exists, the presence of abnormal eye find-
ings can likely be more easily attributed to syphilis. However, in patients with
anterior or posterior uveitis but no other neurological signs or symptoms, and an
unremarkable CSF examination, a diagnosis of ocular syphilis would be very dif-
ficult to confirm. Routine dark-field examination or PCR testing for 7. pallidum of
vitreous or aqueous fluid typically does not occur in clinical practice. The point,
therefore, is that the diagnosis of ocular syphilis, particularly in the absence of
concomitant clinical meningitis or CSF abnormalities, requires a high index of
clinical suspicion and the ability to connect serological testing with abnormal eye
findings.

Diagnosis of Otologic Syphilis

Similar to ocular syphilis, the diagnosis of otologic syphilis might be obvious in a
patient with syphilitic meningitis and concomitant hearing loss. However, in patients
without meningitis, the diagnosis will by necessity be indirect; it might involve
osteitis and vasculitis of the cochleovestibular system and temporal bone resulting
in sensorineural hearing loss in conjunction with positive serological tests for
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syphilis. One likely will not be able to demonstrate direct evidence of infection in
the involved tissue, a point that has been raised by some authors [30].

Role of Neuroimaging

Neuroimaging is not specifically required for the diagnosis of neurosyphilis.
However, it can provide helpful adjunctive information in different circumstances.
In the case of syphilitic meningitis, neuroimaging can demonstrate meningeal or
CSF enhancement [31, 32]. With meningovascular syphilis, because the disease
results in ischemia and infarction, evidence of these findings can be seen on neuro-
imaging [31, 33]. CNS gummatous syphilis can be seen on neuroimaging in the
form of space-occupying lesions.

In general paresis, neuroimaging most often shows diffuse cerebral atrophy;
other variable findings might also be seen [33]. In tabes dorsalis, spinal imaging can
show increased signal intensity in the cord.

Treatment Regimens and Other Management Considerations

Intravenous penicillin remains the standard of care for the treatment of all forms of
neurosyphilis, including asymptomatic neurosyphilis, ocular syphilis, and otologic
syphilis.

In the second half of the twentieth century, the recognition of the treponemicidal
effect of penicillin led to the widespread use of long-acting penicillin formulations
such as intramuscular benzathine penicillin G (BPG) for the treatment of all stages
of syphilis. However, not long after, case reports started documenting its inadequacy
to treat cases of neurosyphilis [34-36]. The failure to treat neurosyphilis was prob-
ably associated with the low concentration of penicillin achieved in the central ner-
vous system (CSF) of patients treated with these drug formulations.

Accepted treponemicidal concentrations of penicillin are approximately
0.018 pg/mL in both serum and CSF [37]. Although patients with neurosyphilis
treated with intramuscular BPG showed adequate treponemicidal levels of penicil-
lin in serum, the concentration of penicillin in CSF was remarkably low. In contrast,
the majority of those patients who received intravenous aqueous crystalline penicil-
lin G achieved adequate treponemicidal levels in CSF [38, 39]. For instance, an
observational study evaluating different penicillin regimens found that patients
treated with intravenous aqueous crystalline penicillin G at 4 million units every 4 h
for 10 days consistently achieved CSF penicillin concentrations above the trepone-
micidal level [40]. This finding was further validated in a subsequent study [41].

No clinical trial that specifically confirms the superiority of aqueous crystal-
line penicillin G over BPG for the treatment of neurosyphilis has ever been con-
ducted. Thus, the recommendation of using intravenous aqueous penicillin G for
the treatment of neurosyphilis is derived from pharmacokinetic and observational
data [42].
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An alternative treatment regimen was described by Dunlop et al. They adminis-
tered a combination of intramuscular procaine penicillin G 0.6 million units daily
plus oral probenecid 500 mg every 6 h to 38 patients with neurosyphilis. All patients
achieved treponemicidal concentrations of penicillin in serum and CSF [43]; how-
ever, subsequent studies suggested that this regimen might lead to subtherapeutic
concentrations of penicillin in CSF of some patients. For instance, Goh et al. found
that 6 out of 11 patients who received intramuscular procaine penicillin G and oral
probenecid did not reach treponemicidal concentrations of penicillin in CSF [44]. In
a similar study, van der Valk et al. observed a failure to achieve treponemicidal lev-
els of penicillin in four out of ten patients with neurosyphilis who were treated with
intramuscular procaine penicillin G and oral probenecid [45].

Another potential alternative regimen for treatment of neurosyphilis is ceftriax-
one, given its ability to concentrate in CSF. Ceftriaxone might also be considered
safe in patients with non-immediate-type penicillin allergies. Though the evidence
to support its recommendation is limited. Ceftriaxone has been demonstrated to be
active against syphilis in animal models [46]. Case reports and case series have also
described successful outcomes in patients with neurosyphilis, including those coin-
fected with HIV, who received intravenous ceftriaxone 1-2 g daily for 10-14 days
[47-50].

Doxycycline at doses of 200 mg twice daily has been demonstrated to penetrate
the CSF of patients with neurosyphilis [51]. This regimen given for 21-28 days has
been reported in small case series to lead to improvement in CSF parameters [51,
52]. However, the paucity of clinical data to support this regimen precludes its
recommendation.

Current guidelines published by the Centers for Diseases Control and Prevention
recommend the use of intravenous aqueous crystalline penicillin G as the first
choice for the treatment of neurosyphilis [25]. Intramuscular procaine penicillin G
with the addition of oral probenecid is considered an alternative (Table 13.3).
Additionally, after completing treatment for neurosyphilis, some experts recom-
mend administering intramuscular injections of BPG 2.4 million units weekly for

Table 13.3 Recommended regimens for treatment of neurosyphilis

First-line therapy Dose and duration

Aqueous crystalline penicillin G 18-24 million units IV per day administered as

3—4 million units IV every 4 h or continuous
infusion for 10-14 days

Alternative regimen

Procaine penicillin G plus oral probenecid | 2.4 million units IM daily plus probenecid
500 mg PO administered
four times a day for 10-14 days

For penicillin-allergic patients
Ceftriaxone (non-immediate-type reactions) |2 g IV or IM daily for 10-14 days
Penicillin desensitization followed by
first-line therapy
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up to 3 weeks [25]. Patients living with HIV and diagnosed with neurosyphilis
should receive the same regimens as their non-HIV counterparts.

For penicillin-allergic patients, the use of intravenous or intramuscular ceftriax-
one might be considered given the low likelihood of cross-reaction between penicil-
lin and ceftriaxone. Other options involve formal penicillin allergy testing or a
penicillin desensitization protocol in collaboration with an allergy specialist.

Treatment of neurosyphilis in pregnant women must be intravenous aqueous
crystalline penicillin G. If a pregnant woman with neurosyphilis is allergic to peni-
cillin, then penicillin desensitization should be performed. No other treatment is
recommended in this setting.

Prognosis

CDC guidelines recommend monitoring treatment response in patients treated for
neurosyphilis [25]. Experts suggest performing follow-up CSF studies every
3—6 months until CSF laboratory abnormalities, including VDRL titer, WBC count,
and protein level, have resolved [53, 54]. Most patients experience a decrease in
CSF WBC count by 6 months, a fourfold decrease in CSF VDRL titers by 1 year,
and complete normalization of all CSF parameters by 2 years after treatment.

In a cohort study of patients living with HIV, the use of highly active antiretrovi-
ral therapy for more than 6 months after treatment of neurosyphilis showed a prob-
able association with a lower rate of treatment failure [16].

In general, the clinical prognosis depends on the type of neurosyphilis. Overall,
patients with syphilitic meningitis or guammata have a good prognosis after complet-
ing treatment with intravenous aqueous crystalline penicillin G. In contrast, patients
with syphilis-associated dementia or tabes dorsalis will most likely experience per-
sistent cognitive and sensory deficits, respectively. Similarly, patients with menin-
govascular neurosyphilis will usually experience residual neurological deficits from
cerebrovascular complications [55].

Prevention

Because syphilis is predominantly a sexually transmitted infection, prevention of
the infection understandably relies upon measures routinely taken to decrease the
incidence of sexually transmitted diseases. These measures might include patient
education, provision of condoms, and implementation of safe sex practices by
patients. Patient education can include everything from counseling during a patient
visit to broad public health campaigns and strategies that target the general public.

Prevention of neurosyphilis in particular is helped by screening for and early
detection of syphilis. Early detection allows for prompt diagnosis and early treat-
ment, thereby hopefully preventing symptomatic neurosyphilis from occurring.
Current guidelines suggest that the following groups of patients should be routinely
screened for syphilis [56]:
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e Pregnant women (all patients at first prenatal visit and early in the third trimester
and at delivery if at high risk)

e Men who have sex with men (at least annually if sexually active and every
3—6 months if at increased risk)

e Persons with HIV (for sexually active patients, at first evaluation and at least
annually thereafter; more frequent screening could be needed depending upon
individual risk and local epidemiology)

Future Areas of Research

Although significant progress has been made in the diagnosis and treatment of neu-
rosyphilis, there are many areas of uncertainty that are yet to be elucidated.

For instance, the diagnosis of neurosyphilis continues to be challenging for clini-
cians. Although neurosyphilis may be suggested by the presence of one or more
neurological syndromes, some patients may lack neurological symptoms (asymp-
tomatic neurosyphilis). The diagnosis of neurosyphilis is confirmed with a lumbar
puncture demonstrating a positive VDRL in CSF; however, this finding is not pres-
ent in all patients, as discussed earlier. Some authors have proposed the use of other
CSF findings including pleocytosis or an elevated protein level, to make a diagnosis
of neurosyphilis; however, these abnormalities are nonspecific. Better diagnostic
markers are needed to confirm the presence of CNS infection due to 7. pallidum.

Another area of ambiguity is when to proceed with a diagnostic evaluation for
neurosyphilis. In addition to performing LP on patients diagnosed with syphilis by
serological methods who have neurological signs or symptoms, it is uncertain what
other group or groups of patients would benefit from CSF examination. Some
experts have recommended basing this decision on certain clinical and laboratory
parameters. In our opinion, further studies, ideally collaborative multicenter cohort
studies, should be conducted to validate previously proposed epidemiologic risk
factors and laboratory markers for neurosyphilis.

Another area that deserves additional attention is the need for better prognostic
tools. Currently, the response to the treatment of neurosyphilis is assessed by serial
lumbar punctures until normalization of CSF parameters has occurred. Long-term
follow-up studies are needed in order to confirm the use of these CSF markers for
this purpose and to refine standards that confidently establish cure of the infection.
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John J. Halperin

Introduction

The term neuroborreliosis is commonly used, particularly in Europe, to describe the
neurologic manifestations of infection with the tick-borne spirochetes Borrelia
garinii and B. afzelii. In the USA, it is used—though less consistently—to describe
nervous system involvement with the closely related spirochete, B. burgdorferi
sensu stricto, the agent of Lyme disease. The neurologic manifestations of this mul-
tisystem infection were first described in 1922—more than half a century before the
introduction of the terms Lyme arthritis and Lyme disease and the characterization
shortly thereafter of the closely related borrelia species responsible for these disor-
ders in North America and Europe.

Although this chapter will focus on disorders caused by these microorganisms, it
is important to recognize that the term is also used to describe nervous system
involvement in relapsing fevers. These borrelia infections include two principle
tick-borne spirochetes in the USA—B. hermsii and B. turicatae. B. recurrentis, a
louse-borne spirochete, causes epidemic relapsing fever in the underdeveloped
world. Recent additions to this family include B. miyamotoi, first identified in
1994 in the USA as the rare cause of a relapsing fever-like illness [1], and B. mayo-
nii, an even more rare organism that causes a Lyme disease-like disorder [2]. Of
these, B. turicatae is neurotropic, commonly causing meningitis but remarkably
little nervous system damage or symptomatology [3]. To date B. miyamotoi has only
been associated with nervous system involvement in immunocompromised indi-
viduals [4]. In light of this, this chapter will focus on nervous system involvement
in Lyme disease and the closely related disorders occurring in Europe.

J. J. Halperin
Department of Neurosciences, Overlook Medical Center, Summit, NJ, USA

Sidney Kimmel Medical College of Thomas Jefferson University, Philadelphia, PA, USA
e-mail: john.halperin @atlantichealth.org

© Springer International Publishing AG, part of Springer Nature 2018 207
R. Hasbun (ed.), Meningitis and Encephalitis,
https://doi.org/10.1007/978-3-319-92678-0_14


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-92678-0_14&domain=pdf
mailto:john.halperin@atlantichealth.org

208 J. J. Halperin

Lyme disease has been the source of remarkable controversy—much of it related
to misconceptions about what constitutes neurologic disease. Given that neurode-
generative disorders such as Alzheimer’s dementia are among the most feared of all
diagnoses, it would seem self-evident that diagnosis of potentially brain damaging
disorders, particularly those thought to be incurable, should be accurate. However,
the widespread lack of awareness that fluctuations in memory and cognitive func-
tion are quite commonplace, particularly in the setting of systemic inflammatory
disease, and that this is not evidence of nervous system damage, is probably respon-
sible for the vast majority of the controversy. Misconceptions about these infec-
tions’ treatment responsiveness reinforce this fear. When patients experiencing such
cognitive difficulties read on the Internet that this is due to a very difficult to treat
spirochetal infection of the nervous system, their anxiety about the symptoms is
compounded, only worsening their symptoms. Subjecting them to prolonged and
inappropriate antibiotic therapy and its side effects further adds to their difficulties.
And, almost paradoxically, this focus on these non-neurologic issues can lead to
failure to recognize those disorders that truly are attributable to neuroborreliosis and
therefore amenable to simple treatment.

Diagnosis

The three key requirements for the diagnosis of neuroborreliosis are first, likely
exposure; second, recognition of clinical disorders that are likely to indicate this
infection; and third, laboratory confirmation, as appropriate.

Exposure

Lyme disease is spread exclusively by bites of Ixodes (hard-shelled) ticks. While
exposure to these ticks is necessary, it is equally important that the ticks carry the
causative organisms. 90+% of all US cases [5] occur in 14 northeast and north cen-
tral states, the area where large numbers of these ticks coexist with abundant infected
reservoir hosts—primarily white footed field mice—that maintain the responsible
spirochetes in the ecosystem. Even within this geographic area, local geography is
important. Since ticks and field mice do poorly in urban environments, this is a
disease of suburbs, exurbs, and rural areas. It is extraordinarily rare in individuals
who never leave heavily urban areas.

Lyme disease is a zoonosis—an infection that bridges different species. Vector
ticks hatch uninfected. If these uninfected larvae feed on an infected reservoir
host—white-footed field mice can be spirochetemic for an extended period of time,
apparently asymptomatically—the ingested spirochetes can then survive in the tick
gut. The tick larva then matures into a nymph—still quite small, about the size of a
period on a printed page—and seeks its second blood meal. Ingested blood then
triggers proliferation of these spirochetes within the tick gut. They then migrate
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through the tick, including to its salivary glands. While attached, ticks inject saliva,
containing anticoagulants and other compounds into the host to enable the required
prolonged feeding. Once spirochetes reach their salivary glands, they can be injected
into the host, potentially infecting the host. Since this spirochete proliferation and
spread within the tick requires at least 24—48 h, prolonged tick attachment is required
for infection to occur. The same sequence can occur during feeding by infected
adult ticks. Since there are fewer adults than nymphs, and since adults are larger and
more noticeable, they are less commonly the culprit. This then provides two oppor-
tunities to limit the risk of Lyme disease—avoiding tick habitats and, when this is
unavoidable, frequent tick checks with removal of any that are attached, before
prolonged feeding has occurred.

Signs and Symptoms

The symptoms associated with Lyme disease can be divided into those that are
relatively specific and those that are completely non-specific. Fever, malaise,
fatigue, cognitive slowing, and diffuse aches and pains can occur in innumerable
infections and inflammatory states and are well exemplified by the side effects
experienced by patients treated with interferons for multiple sclerosis or other
diseases. Such symptoms lack any specificity for Lyme disease. At the other
extreme, the characteristic skin rash, erythema migrans (EM), is virtually pathog-
nomonic. This slowly expanding, often asymptomatic, erythroderm, occurring at
the site of the tick bite, is observed in 90% of children [6] with Lyme disease. It
is reported less frequently in adults, perhaps reflecting lack of an outside observer
to notice these asymptomatic rashes on difficult to see parts of the body. Typically
at least several inches in diameter, EM appears days after the bite—differentiat-
ing it from the transient and immediate reaction typically seen at the site of
arthropod bites—which disappears in a few days. Over the course of days to
weeks, EM can expand to be a foot or more in diameter. In the USA, it can
become multifocal in up to a quarter of patients, something seen less commonly
with European strains. Since EM occurs very early in infection, about half of
patients will not yet have had time to develop a measurable antibody response—
i.e., will be seronegative. Patients with potential exposure and this rash should be
treated—without either obtaining or waiting for laboratory confirmation of the
diagnosis.

Several other extra-neurologic manifestations should bring Lyme disease to
mind in individuals with plausible exposure. Heart block—up to complete heart
block requiring a temporary pacemaker—can occur in otherwise healthy young
individuals, as can large joint arthritis. The latter typically affects a single large joint
at a time, arising and subsiding spontaneously. Heart block (affecting perhaps 1% of
patients) tends to occur quite early in infection, arthritis somewhat later. Neither is
so specific to Lyme disease as to be syndromically diagnostic like EM; in both
serologies should be positive.
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Neurologic Signs and Symptoms

Neuroborreliosis—infection of the nervous system with B. burgdorferi, B. garinii,
or B. afzelii—is identified in 12-15% of infected individuals. Clinically evident
involvement usually occurs fairly early in infection, occasionally preceding sero-
conversion. Polymerase chain reaction (PCR)-based studies further support the con-
clusion that CNS invasion occurs early but also suggests it may be both asymptomatic
and more frequent than is clinically apparent [7]—although whether this is clini-
cally important is unclear. The original emphasis on a “classic triad’ [8, 9] remains
useful. Patients develop—either singly or in combination—Ilymphocytic meningitis,
cranial neuritis, and painful radiculitis.

Meningeal inflammation, as reflected in a cerebrospinal fluid (CSF) pleocytosis,
may be asymptomatic or may have the same headache, fever, and systemic symp-
toms seen in viral meningitis—although symptom onset may be somewhat less
abrupt than in viral meningitis. Since it is usually an early manifestation of infec-
tion, it typically follows the same seasonality as tick bites and EM. As such it may
occur earlier in summer than enteroviral meningitis. However, despite the develop-
ment of algorithms trying to differentiate between viral and Lyme meningitis, these
tend to be heavily driven by the co-occurrence of other manifestations such as cra-
nial neuropathies [10]. In the absence of these more specific manifestations, differ-
entiating Lyme from other summertime meningitides cannot be done reliably on
clinical grounds alone.

While other nervous system manifestations similarly lack sufficient positive pre-
dictive value to be considered diagnostic of Lyme disease, some should definitely
raise the possibility. Of these, cranial neuropathy is probably the most common,
particularly facial nerve paralysis. In adults, it is estimated that a quarter of facial
nerve palsies occurring in non-winter months in endemic areas are attributable to
Lyme disease [11, 12]—i.e., three quarters are not— so a presumptive diagnosis of
Lyme disease would be inappropriate. While idiopathic facial nerve palsies are
comparatively common, idiopathic bilateral involvement is unusual and should
bring to mind Lyme disease, sarcoid, other basilar meningitides, as well as HIV and
Guillain-Barre syndrome. Patients with Lyme disease can develop other combina-
tions of multiple cranial neuropathies as well, which may occur simultaneously or
sequentially. Although it would seem logical to assume that facial nerve involve-
ment occurs in the inflamed subarachnoid space, a systematic review of one center’s
experience [13] found a CSF pleocytosis in only a minority of patients and clinical
evidence of extra-axial involvement in many.

The third element of the triad is the one most frequently forgotten—painful
radiculitis. As well described in the original case report by Garin and Bujadoux,
patients can develop severe radicular pain—identical in character to that occur-
ring with mechanical radiculopathies. Usually there is no history of a likely
physical precipitant. Involvement can be truncal or in a limb. Although often
described as occurring in the same dermatome as the initial tick bite, this is not
a consistent observation [14]. Not unlike diabetic radiculopathies, this can be
less anatomically limited than mechanical radiculopathies, with involvement of
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several adjacent dermatomes. Although localized pain is often a dominant
symptom, muscle weakness and atrophy in the same nerve root distribution can
occur as well. Some patients, particularly in Europe, develop spinal cord inflam-
mation involving the same segmental level. While patients often have a co-
occurring CSF pleocytosis, this is not invariable. Detailed neurophysiologic
testing suggests that this radiculopathy is probably pathophysiologically a
mononeuropathy multiplex—as are cranial neuropathies [15]. In light of this, it
should not be surprising that plexopathies and individual mononeuropathies are
described as well.

Over the years the spectrum of nervous system involvement in this infection has
broadened. In children, it is not uncommon to see raised intracranial pressure (typi-
cally with or following meningitis) creating a pseudotumor-like picture. These chil-
dren have headaches, visual obscurations, and papilledema and require treatment of
their raised intracranial pressure in addition to antibiotics.

Rare patients, particularly those infected with European borrelia, develop CNS
parenchymal inflammation. Although most commonly involving the spinal cord at
the segmental level of the radiculopathy, rare patients develop inflammation of the
brain, brainstem, or cerebellum, evident on brain imaging and neurologic examina-
tion [16], and with inflammatory CSF. Like all neuroborreliosis this has been anti-
biotic responsive, though as with all nervous system insults, some residua may
remain, depending on the extent of pretreatment damage.

Finally, European patients with an unusual late cutaneous manifestation, acro-
dermatitis atrophicans (not seen with US borrelia strains), develop a more clinically
diffuse polyneuropathy [17]. A similar condition has been described in US patients
with long-standing untreated Lyme arthritis [18]—a state that rarely occurs today.
Importantly neurophysiologic findings in these patients suggest a confluent mono-
neuropathy multiplex, implicating the same pathophysiologic process seen in the
more acute presentations, as well as in virtually all experimentally infected rhesus
macaque monkeys [19].

Neurobehavioral Phenomena

In early studies, primarily of individuals with prolonged, untreated Lyme arthritis,
many patients described cognitive and memory difficulties that interfered with
their daily functioning. Clinically similar to the “toxic metabolic encephalopathy”
seen in innumerable other systemic inflammatory states, extensive evaluations led
to the conclusion that this was only very rarely related to nervous system infection
[20, 21]. Unfortunately, evidence to the contrary notwithstanding, some con-
cluded both that this very common and non-specific syndrome was in and of itself
diagnostic of Lyme disease and that it was due to nervous system infection. This
in turn led to antibiotic treatment with ever more prolonged, complex, and inap-
propriate regimens. Although the pathophysiology of this disorder remains
unclear, it has been well established that it does not respond to prolonged courses
of antibiotics [22-25].
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More recently this has led to the related construct of posttreatment Lyme disease
syndrome—occurrence of the same symptoms in individuals previously treated for
Lyme disease. While it is unclear if this is a biologically distinct entity, or merely
represents anchoring bias in individuals who develop these non-specific symptoms,
it is quite clear that this disorder is not linked to central nervous system (CNS)
infection [26, 27]. In fact, the best predictor of which patients might have such
symptoms is the presence of multiple comorbidities and of having prolonged symp-
toms prior to treatment—and not whether or not the nervous system was ever
infected.

Laboratory Diagnosis

Despite frequent discussion of the limitations of laboratory diagnosis in Lyme dis-
ease, these are comparable to those in other infections. As with syphilis and some
other spirochetal diseases, culture is impractical. Unlike Treponema pallidum, bor-
relia can be grown in vitro—but it requires special culture medium not typically
available in most microbiology laboratories and prolonged incubation at tempera-
tures lower than those used for other pathogens. Moreover, other than in EM, the
bacterial load appears to be quite low in readily obtainable samples. Using either
culture or PCR, borrelia can be identified in CSF of patients with Lyme meningitis
in fewer than 20% of patients. As a result, diagnosis rests on demonstration of anti-
bodies—in serum, CSF, or both.

While in most other infections we measure acute and convalescent antibody
titers, in Lyme disease, the usual practice is to measure antibodies just once. In one
widely cited study that concluded, based on laboratory testing, that the true inci-
dence of Lyme disease is ten times that derived from reported cases meeting the
CDC case definition [28], the assumption was that 85% of patients had just one
serologic test. Since serologies can remain positive for an extended period of time
after a resolved infection, this poses obvious diagnostic limitations—even before
considering false positives. A true positive result at best means exposure and infec-
tion, past or present, not necessarily a current or relevant one. In contrast, very early
in infection—as in any infection—patients may be seronegative, as it takes time for
the host immune response to produce sufficient antibodies to be measurable in
serum. In patients with EM, which develops within the first 30 days of infection,
fewer than half have measurable serum antibody [29]. While this number is widely
quoted as evidence of the insensitivity of serologic tests, this only impacts very
early disease. Among patients with infection of more than 1-2 month’s duration,
serology is essentially always positive.

The challenge of eliminating false positives due to cross-reacting antibodies is
shared by all serologic tests. In Lyme disease, some false positives—to syphilis and
relapsing fevers, for instance—occur because the organisms are so similar that
serology cannot differentiate among them. For syphilis, reaginic tests (RPR, VDRL)
are useful as these are rarely positive in Lyme. For other borrelia, fortunately there
is minimal epidemiologic overlap. Between the differences in clinical presentation
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Table 14.1 Western blot IgG (5 of 10) IgM (2 of 3)
criteria [35] 18 kD 23 kD
23 kD 39 kD
28 kD 41 kD
31 kD
39 kD
41 kD
45 kD
58 kD
66 kD
93 kD

(relapsing fevers) and the different geographic distributions, differentiation among
these infections is rarely difficult.

The more common difficulty is in patients with other inflammatory states where
polyclonal B cell expansion creates multiple false-positive serologic results. Western
blots were added specifically to address this issue. Observations in large numbers of
individuals with and without Lyme disease showed that some immunoreactivities
(bands) had high predictive value for a correct diagnosis while others did not. This
led to a widespread consensus that the presence of two of three specified IgM bands
or five of ten specified IgG bands was highly indicative of Lyme disease (past or
present) (Table 14.1). Combining this in a two-tier approach with a screening
ELISA, proceeding to a Western blot when serology was positive or borderline,
resulted in high diagnostic specificity. Importantly, bands were not selected because
they are unique to B. burgdorferi. Those used—and not used—were selected based
on their statistical ability, in combination, to diagnose infection accurately. More
recent work measuring antibodies to C6 (a highly conserved domain in B. burgdor-
feri) suggests that this is at least as accurate as whole cell sonicate ELISAs and may
provide a substitute for either the ELISA or Western blot [30] in the two-tier
approach [31].

When considering infection in the CNS, an additional diagnostic approach can
be used. The CNS acts as an immunologically separate compartment. While a small
amount of peripheral IgG filters into the CSF (<1% with an intact blood-brain bar-
rier), the presence of infecting organisms within the CNS triggers in-migration of B
cells, their proliferation, and then local production of specific antibodies. Comparing
CSF to serum antibody concentrations, after adjusting for overall concentration of
IgG in both fluids, allows demonstration of intrathecal antibody production (ITAb).
This method appears to identify virtually all patients with Lyme meningitis. In
European guidelines, the presence of demonstrable ITAb is required to diagnose
definite neuroborreliosis [32]. Since Lyme disease may be limited to the peripheral
nervous system, there should be no logical expectation that there would be ITAb in
such individuals. That notwithstanding, at least a third of such patients may have
concurrent meningitis. Consequently, ITAbD is sufficient to diagnose nervous system
infection, but not necessary.
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Measurement of ITAb has several limitations. Issues with false positives are
comparable to those with peripheral serologies. Cross-reactivity in neurosyphilis is
common—but again reaginic tests in the CSF help differentiate between the two.
Few other infections show cross-reactivity. Polyclonal B cell expansion is less of an
issue and generally is adequately addressed by indexing CSF specific antibody to
that in serum. The most challenging issue is that, as with peripheral serology, ITAb
can remain elevated long after successful treatment—with studies showing this to
occur as much as 10 years after effective treatment. As in neurosyphilis successful
treatment is followed by a slow decline in CSF cells and protein. An additional
marker, CXCL13, a B cell-attracting chemokine, shows promise as an additional
marker of disease activity and may be useful if it becomes commercially available.

Treatment

Like all forms of Lyme disease, nervous system infection is responsive to antibiotic
treatment—with the one additional consideration that the nervous system is less
able to heal after damage has occurred. Hence particularly in those rare individuals
with parenchymal CNS inflammation, there may be residual difficulty after infec-
tion is eliminated. In choosing treatment it is important to recall that it was because
of CNS involvement that meningeal dose penicillin was first introduced, followed
by ceftriaxone and cefotaxime. However subsequent work has shown that oral dox-
ycycline is equally effective in Lyme meningitis, cranial neuropathy, radiculopathy,
and other peripheral nerve involvement [33]. Most would still treat parenchymal
CNS disease with parenteral ceftriaxone, but there are no data directly bearing on
this—nor are there likely to be—given the rarity and seriousness of this disorder.
Current treatment recommendations (Table 14.2) support both oral doxycycline and
parenteral regimens for all but parenchymal CNS neuroborreliosis; it is likely
updated recommendations will support oral doxycycline as the first line treatment
for non-parenchymal neuroborreliosis. Although historically doxycycline has been
proscribed for children 8 years of age and younger, recent studies [34] suggest that

Table 14.2 Treatment of neuroborreliosis; all for 2—4 weeks

Adult Pediatric (not to exceed adult dose)
Ceftriaxone 2glIVid 50-75 mg/kg/day IV
Cefotaxime 2 g IV g8 hours 150-200 mg/kg/day 1V, in 3 divided doses
Penicillin G 3-4 MU IV g4 hours | 200,000-400,000 U/kg/day IV in 6 divided doses
Or
Doxycycline 100-200 mg PO BID | 2 mg/kg/day PO BID®
Possible alternatives
Amoxicillin 500 mg PO TID 50 mg/kg/day PO in 3 divided doses
Cefuroxime axetil | 500 mg PO BID 30 mg/kg/day PO in 2 divided doses

2Although tetracycline may cause bone and dental staining in children § years of age or younger
and is typically avoided, this does not appear to be the case with doxycycline. While doxycycline
is not currently recommended for children under 8, this recommendation is likely to change, and
current pediatric recommendations should be consulted
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the dental staining that led to avoiding tetracycline in young children is not an issue
with doxycycline. It is anticipated that upcoming recommendations from pediatric
societies will no longer list this contraindication.

Conclusion

Neuroborreliosis, nervous system infection with B. burgdorferi sensu stricto, B.
garinii, and B. afzelii, can be manifested as lymphocytic meningitis and/or vari-
ous forms of mononeuropathy multiplex—including cranial neuropathies, radic-
ulopathies, plexopathies, and rarely a confluent mononeuropathy multiplex.
Rarely it involves the parenchymal CNS, most often affecting the spinal cord at
the same level as radicular involvement. Treatment with 2—4 weeks of oral doxy-
cycline is highly effective in peripheral nerve disease—including cranial neu-
ropathy and radiculoneuropathy—and in meningitis. Parenteral antibiotics
(2—4 weeks) are typically used—and are highly effective—in the rare patients
with parenchymal CNS involvement. Lyme encephalopathy and posttreatment
Lyme disease syndrome (if the latter exists) do not involve nervous system
infection.
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Emerging Causes of Encephalitis: Zika, 1 5
Dengue, Chikungunya, and Beyond
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Zoonotic viruses account for 75% of emerging infectious diseases in the world [1].
Many of these zoonotic viruses are arthropod-borne viruses (arboviruses) that can
be transmitted by mosquitoes, flies, and ticks [2]. Arboviral infections can produce
disease in the central nervous system (CNS) with acute clinical manifestations, such
as headache and nuchal rigidity suggestive of meningitis, seizures, mental confu-
sion or coma in cases of encephalitis, and motor dysfunctions in limbs and sphincter
dysfunction, related to myelitis. Arbovirus infections can also produce later mani-
festations in the CNS including Guillain-Barré syndrome and Parkinsonism. The
Flaviviridae of Flavivirus genera Zika (ZIKV), the four types of dengue (DENV-
1-4), and the Togaviridae of Alphavirus genera chikungunya (CHIKYV) are all arbo-
viruses that cause epidemics of acute febrile illnesses in tropical world and,
eventually, are reported producing diseases of the CNS [3].

ZIKV and CHIKYV from Africa and the four types of DENV from Southeastern
Asia are viruses originally maintained in cycles involving nonhuman primates and
mosquitoes of tree canopy that at some point adapted to new cycles involving
humans and the anthropophilic mosquito Aedes aegypti. This African mosquito is
anthropophilic and lives in cities at tropical countries worldwide completely
adapted to the urban conditions [4]. Other arboviruses such as West Nile (WNV)
from the Old World, Japanese encephalitis from Asia, and the Americans Saint
Louis encephalitis (SLEV) and Rocio (ROCV) viruses are all Flavivirus phyloge-
netically grouped in the Japanese encephalitis complex, having birds as reservoirs
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and mosquitoes of the Culicinae subfamily as vectors [5, 6]. These viruses are
commonly reported causing outbreaks or sporadic cases of meningoencephalitis.
Another arbovirus that causes human infections of the CNS is the Peribunyaviridae
of Orthobunyavirus genera, Oropouche (OROV). OROV causes outbreaks of
acute febrile illness in the Amazon region and Central Plateau of Brazil and neigh-
boring countries. The virus has a sylvatic cycle involving sloths (Bradypus tridac-
tylus), nonhuman primates, and wild birds and Ochlerotatus serratus, Coquillettidia
venezuelensis, as well as other mosquitoes as vectors. The virus adapted to an
urban cycle involving man, transmitted by the hematophagous midge Culicoides
paraensis [T].

Arboviruses of the Flaviviridae family in Flavivirus genera, WNV, JEV, ROCYV,
SLEV, DENV-1-4, and ZIKYV, are enveloped, positive-sense, single-stranded RNA
viruses [8]. Arboviruses of Alphavirus genera in the Togaviridae family, CHIKYV,
are enveloped with a genome of a single positive-sense strand RNA, and three struc-
tural proteins of these viruses are translated from a subgenomic mRNA [9].
Arboviruses of Orthobunyavirus genera in the Peribunyaviridae family such as
OROV have three-segmented negative-stranded RNA linear genome [10, 11].
Flaviviruses, alphaviruses, and orthobunyaviruses, when infecting humans, can
cause meningitis or meningoencephalitis.

Special capabilities are necessary for an arbovirus to infect the CNS. The patho-
gen, besides being virulent, has to defeat general cellular and humoral immune
response, be able to cross the blood-brain barrier (BBB) or the choroid plexus, and
when in nervous tissue, defeat the local host defense mechanisms [12, 13].

Genomic mutations can increase the virulence of flaviviruses, alphaviruses, and
orthobunyaviruses. An artificial example of that has been seen in ROCV and WNYV,
two neurovirulent flaviviruses. A chimeric WNV containing prM-E genes of ROCV
replicated in mammalian cells more efficiently than WNV or chimeric ROCV con-
taining WNV prM-E genes. WNV containing ROCV prM-E genes was as virulent
as ROCV in adult mice. Proteins prM and E of ROCV showed major virulence
determinants and inhibited type I interferon response which could potentially
enhance neurovirulence [14]. Glycosylation and amino acid changes of the enve-
lope (E) and membrane (M) proteins of WNV and JEV viruses can also increase
their neuroinvasive capacities [15, 16].

Innate and adaptive immune system responses to Flavivirus infection can pre-
vent CNS invasion. Immune deficiencies related to age, diabetes mellitus, hyperten-
sion, or other chronic diseases increase risk of CNS disease in infections by SLEV
and WNV. Infection of the CNS in individuals infected by JEV can be prevented by
their normal immune systems. The maturation of defense mechanisms in adoles-
cents can explain the decline of JEV neurological infections compared to children
[17]. Activation of MAVS, IRF-3, and IRF-7 and production of type I IFN are able
to control OROV replication and restrict tissue injury in mouse experimental model.
In infections by OROV, IFN signaling in nonmyeloid cells, probably, contributes to
the host defense [10].

Despite not completely understood, factors responsible for neuroinvasion in fla-
viviruses, alphaviruses, and orthobunyaviruses bypass the BBB by infecting
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endothelial cells and emerging their viral progenies at the opposite side, inside the
CNS. Likewise, viruses can infect leukocytes that migrate to the CNS. Some viruses,
after introduced by arthropod bite in subcutaneous tissue, migrate through periph-
eral axonium reaching the neuron in the CNS [14]. A study in a mouse model
showed that OROV, after subcutaneous infection, accesses nervous receptor and
neural routes, reaches the spinal cord, and ascends toward the brain producing little
inflammation [18].

The local CNS inflammation produces brain edema and ischemia that damages
nervous tissues. Blood cells migrate induced by chemokines produced after viral
presence in the CNS, and it produces and/or aggravates inflammation. The impor-
tance of the impact of macrophages on the severity of the encephalitis has been
clearly shown in a study on macrophage chemokines, CCR5 (CC-chemokine recep-
tor 5) and MIP-1 (chemokine receptor that binds to macrophage inflammatory pro-
tein), using knockout mice to genes of these chemokines. The knockout animals,
after infected with ROCYV, survived longer to the meningoencephalitis and had
reduced inflammation in the brain than wild-type (WT) mice infected with
ROCYV. Knockout mice also required a higher lethal dose of ROCV than wild-type
mice [19].

In the CNS, the BBB, neurons, and glial and endothelial perivascular cells all
have cell membrane receptors for infection by Flavivirus and other arboviruses
[14]. In an experiment infecting Balb/C adult mice with ROCYV, brain inflammatory
changes were produced by immune response induced by Thl and Th2 cytokines.
ROCYV encephalitis evolved with irreversible damage of nervous tissues due to neu-
ronal degeneration and apoptosis [20]. Likewise, studies with WNV show that E, M,
NS3, and NS4 (the last two are nonstructural) viral proteins elicit response from
CD8 T cells in the CNS producing pro-inflammatory cytokines such as interferon
(IFN), granzymes A and B, and perforins that lyse infected cells [21]. CD8 T cells
also induce apoptosis of neural cells infected by WNV through the Fas ligand,
CD40-CD 40 ligand, and tumor necrosis factor-related apoptosis-inducing ligand
(TRAIL). This is an important measure to prevent persistence of the virus in the
CNS [22]. Apoptosis also occurs in mice OROV-infected neurons. Besides that,
CNS infection by OROV produces astrocyte activation and glial reaction [18].

Neurologic features of infections by Flavivirus start after 3—15 days of incuba-
tion period and usually succeed a nonspecific febrile illness. Neurologic manifesta-
tions depend on the affected part of the nervous system, resulting in meningitis,
encephalitis, or myelitis [5]. In many cases of encephalitis, overlap reduced level of
consciousness, seizures, and flaccid paralysis.

A ZIKV Asian strain from Polynesia has produced large outbreaks of acute
febrile illness with rash and conjunctivitis in Brazil since 2015. However, during
these outbreaks, reports of severe forms of Zika fever surprised the world. First, it
was reported that ZIKV infections increased the number of cases of Guillain-Barré
(GBS) muscle paralysis syndrome, a serious neurological disease caused by autoan-
tibodies that damage axons of motor neurons as a consequence of a viral infection
[23]. Furthermore, an increase in the incidence of fetal microcephaly was observed
in the Northeast Region of Brazil, which was soon associated with maternal
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infection by ZIKV [24]. Congenital disease caused by ZIKV, having microcephaly
as severe manifestation, resulted in an international concern followed by a research
effort to obtain information on the different aspects of the disease [25].

Infections of the CNS by ZIKV not associated with congenital disease also
occurred. A prospective study in Rio de Janeiro, Southeast of Brazil, among hospi-
talized adults analyzed 40 patients infected by ZIKV (15 women and 25 men;
median age, 44 years) including 27 cases of GBS, 5 cases of encephalitis, 2 of
transverse myelitis, and 1 with chronic demyelinating polyneuropathy. Nine patients
were admitted to the intensive care unit, and among them, five required mechanical
ventilation. After 3 months, two patients died (6%) including one with encephalitis
[26]. In Ribeirdo Preto, also in the Southeast of Brazil, a 2-year-old girl became ill
in March 2016, during a ZIKV epidemic. The girl had a fever (up to 38.5 °C) for
8 days and a macular rash of extremities in the last 2 days. She also presented with
irritability, weakness, myalgias, and dysuria. Finally, 9 days after the onset of ill-
ness, she developed ataxic gait with normal reflexes and a positive Babinski sign.
The cerebrospinal fluid (CSF) had no cells but 6400 erythrocytes/mm?, 102.6 mg/dl
of protein, and 35 mg/dl of glucose. RT-PCR for ZIKV was positive in plasma and
CSF. Magnetic resonance imaging (MRI) demonstrated rhombencephalitis with
lesions in the vermix and left cerebellar hemisphere. The ataxic gait disappeared
after 3 days, and the patient recovered without sequelae (unpublished data). A
36-year-old man heart transplant recipient from Ribeirdo Preto was also reported to
have ZIKV encephalitis. This patient presented with a 2-day history of high-grade
fever, malaise, headache, and seizures that evolved with progressive hemodynamic
instability, mental deterioration, and finally death. CSF had 58 leukocytes (100%
lymphocytes)/mm?® and 105.37 mg/dl of protein. MRI revealed extensive cortical
encephalitis with image suggestive of necrosis of the brain parenchyma and vaso-
genic edema. ZIKV genome was detected in the CSF by reverse transcriptase poly-
merase chain reaction (RT-PCR) and also by immunohistochemistry, by
immunofluorescence, and by electron microscopy of brain tissue. The amplicon of
viral genome was sequenced confirming the ZIKV infection. A pseudotumoral form
of ZIKV meningoencephalitis was confirmed at autopsy [27].

The incidence of encephalopathy in patients with dengue ranges between 0.5%
and 6.2% [28]. In a study of 49 patients with lymphocytic meningitis in Manaus
City, North of Brazil, four of them had dengue fever, with headache, myalgias, and
arthralgias that evolved to neck stiffness and impaired consciousness that healed
without sequelae. Based on viral genomes detected in the CSF by RT-PCR, three
patients had DENV-2 and one had DENV-1 [29]. Another study reported 498
DENV-3 cases from Goiania City in the Brazilian Central Plateau, in 2005-2006.
Nine patients had clinical features compatible with infection of the CNS, five
women and four men, mostly teenagers and young adults. These patients had
encephalopathy (presented seizures or paresis) or meningoencephalitis, and two of
them died. Fatal cases were of a 15-year-old girl with meningoencephalitis, whose
CSF had 76 leukocytes (80% mononuclear cells)/pL, 64 mg/dL of glucose, and
127 mg/dL of protein. Her computed tomography scans revealed sulci effacement
and intracranial hypertension, and DENV-3 was detected in brain tissues collected
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at necropsy. The other fatal case was of a 41-year-old woman that 10 days after
onset of disease had tonic-clonic seizures and acute liver failure. PCR tests of blood
were positive for DENV-3, and lumbar puncture was contraindicated due to throm-
bocytopenia [30]. In Ribeirdo Preto City, a 65-year-old woman had acute meningo-
encephalitis by DENV. After 4 days with headache, fever, myalgia, and vomiting,
the patient started with myopathy, seizures, and decreased level of consciousness.
CSF showed normal leukocyte count, 72—-86 mg/dL of protein, and immunoglobu-
lins M (IgM) and G (IgG) positive to dengue. Brain MRI revealed acute central
pattern encephalitis affecting internal capsule and nuclei of the base [31].

An Asian genotype of CHIKV was introduced into the Americas through the
Caribbean in December 2013, and the first autochthonous Brazilian cases were
reported in September 2014 in the State of Amapa, in the North, and at the same
time, another genotype of CHIKYV, the East, Central, and South African and Asian
strain (ECSA), was found in Bahia State at the Northeast of Brazil. CHIKV ECSA
rapidly spread through other northeastern states causing outbreaks [32]. During
these large-scale outbreaks, uncommon severe clinical features of CHIKV infection
were observed such as meningitis, encephalitis, GBS, and retrobulbar neuritis [33].
Two cases of encephalitis by CHIKV were reported in the Ceara State, Northeast of
Brazil. These were a 55- and a 74-year-old man. Both patients tested positive for
anti-chikungunya IgM in their serum. The first patient had acute febrile illness and
disorientation in time and space. His CSF had 61 cells (71% lymphocytes)/mm?,
98 mg/dL of protein, and 62 mg/dL of glucose. His MRI showed acute bilateral
encephalitis affecting the white matter in nuclei of the base and brainstem and also
extending to the internal capsule and the cerebellum. The second patient had tempo-
ral and spatial disorientation with fluctuating level of consciousness, progressive
lower extremity weakness, and diffuse areflexia. He had 90 leukocytes (91% lym-
phocytes)/mm? and a protein of 179 mg/dL in CSF. MRI showed acute encephalitis
affecting extensive area including the central white matter and cerebellum [34].
Another case of encephalitis by CHIKV was reported in Recife City, also in the
Northeast of Brazil, a 48-year-old woman with fever, headache, muscle aches, skin
rash, and painful polyarthralgia with edema that progressed to temporary functional
impairment. The patient also presented a persistent hyponatremia with a plasma
osmolality below 275 mOsm/kg of H,O, compatible with a syndrome of inappropri-
ate antidiuretic hormone secretion (SIADH). The patient evolved to cognitive
impairment and apraxia of speech and had 90 leukocytes/mm? and a protein 68 mg/
dL in CSF. MRI showed acute encephalitis involving putamen and nuclei of the
base bilaterally but discrete edema [35].

In 2002, in Cordoba, Argentina, a 61-year-old businessman with headache, fever
with chills, nausea, vomiting, unstable gait, left hand tremors, and diplopia was
admitted to a hospital. He was lethargic and had neck rigidity. His CSF revealed 18
leukocytes (80% lymphocytes)/mm?, 87 mg/dL of protein, and 48 mg/dL of glu-
cose. Meningeal signs evolved with frank cervical stiffness, positive Kerning sign,
and photophobia. Lower extremities were spastic with bilateral Babinski sign. He
had a wide-based gait and had dysdiadochokinesia. All symptoms disappeared after
5 days [36]. Diagnosis of infection was made using the hemagglutination inhibition
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test whose titers to SLEV increased between acute- (320) and convalescent-phase
(1280) samples. A serological survey of horses from various regions of Brazil
showed that 415 (55.1%) of the 753 studied horses were seropositive for flavivirus
and, among them, monotypic reactions were observed to SLEV in 93 (12.3%).
These results suggest SLEV is infecting horses in Southeast, Pantanal, and Northeast
of Brazil [37]. In 2007, during a large DENV-3 epidemic, six patients were found
infected by SLEV in the city of Sdo José do Rio Preto, southeastern Brazil. SLEV
genome was detected by RT-PCR in CSF of all six patients. From these, two chil-
dren had acute febrile illness, one of them had facial palsy, and both were diagnosed
with meningoencephalitis (the first cases of meningoencephalitis by SLEV reported
in Brazil). Their CSFs showed 12 (100% lymphocytes) and 286 (60% lymphocytes)
leukocytes/mm? and both survived [38]. Therefore, SLEV is endemic in South
America infecting horses and also producing small human outbreaks and sporadic
cases of meningitis and encephalitis, probably misdiagnosed as dengue or other
viral diseases.

ROCYV has produced an outbreak of encephalitis in the southern coast of Sao
Paulo State in 1973-1978, with 1021 reported cases [39]. ROCV patients pre-
sented acutely with fever, headache, anorexia, nausea, vomiting, myalgia, and mal-
aise. Encephalitis signs appeared later, including confusion, reflex disturbances,
motor impairment, meningeal irritation, and cerebellar syndrome. Some patients
presented convulsions. The disease produced sequelae such as visual, olfactory,
and auditory disturbances, lack of motor coordination, equilibrium disturbance,
swallowing difficulties, incontinence, and impaired memory in 20% of the survi-
vors. The case fatality rate of this ROCV outbreak was 10% [40]. After this out-
break, serologic evidence of ROCV circulation in the original area as well as in
other parts of Brazil have been reported, and public health authorities are always
concerned about reappearance of ROCV outbreaks in Brazil [6]. A serological sur-
vey of horses from various Brazilian regions showed that 415 (55.1%) of the 753
studied horses were seropositive for flavivirus, and among them, a monotypic reac-
tion to ROCV was found in 46 animals (6.1%). These results suggest that ROCV,
or other closely related virus, is infecting horses in Southeast, Pantanal, and
Northeast of Brazil [38]. Besides that, in 2010, testing 23 CSF samples from human
patients from Manaus City by RT-PCR, amplicons of ROCV genome from two
patients were amplified and sequenced. These were a 53-year-old man with sei-
zures and abnormal conscientiousness and a 30-year-old woman with headache,
vomiting, and signs of intracranial hypertension. Curiously, both had AIDS and the
woman also had tuberculosis. CSFs showed 45 and 29 lymphocytic cells/mm?, 153
and 328 protein mg/dl, and 48 and 56 mg/dl of glucose, respectively. Both survived
after 20 days of hospitalization (unpublished data, 2010). Interestingly, these
human cases occurred in the North of Brazil, more than 2000 km from where the
virus was originally isolated. Serologic evidence in horses and the casual finding
of human cases in Manaus show that ROCV circulates unrecognized in Brazil and
possibly in other South American countries, producing human infections including
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those of the CNS, particularly affecting immunodeficient individuals, such as
AIDS patients.

WNV is a pathogen from Africa and Asia that emerged in North America in 1999
and spread toward all the Americas. This virus causes a severe encephalitis in
humans and in horses. In North America, WNV has caused dozens of thousands of
clinical cases and some thousands of deaths of humans and horses [41]. WNV was
isolated in Argentina, in 2006, from the brain of three horses [42]. A serologic sur-
vey to WNV including sera of 753 healthy horses from Central-West, Northeast,
and Southeast Brazil showed 79 seropositive horses to WNV, and among them, 9
sera expressed WNV-specific neutralizing antibodies. Eight of these animals were
from the western Pantanal region in the State of Mato Grosso do Sul, and one was
from the State of Paraiba in the Northeast of Brazil [43]. Based on the virus intro-
duction in Argentina as well as on the results of serologic surveys shown above,
WNV has been introduced in Brazil, and it is probably spreading in the country
based on a transmission network that involves mosquitoes, birds, and horses. The
first human case of encephalitis by WNYV in Brazil was reported in 2014. A 52-year-
old agricultural worker man from Piaui State, Northeast of Brazil, presented an
acute febrile illness with headache, neck pain, vomiting, diarrhea, abdominal pain,
and severe muscle weakness. The patient evolved with a tonic-clonic seizure and
confusional state. Physical exam revealed nuchal rigidity, bilateral facial palsy, flac-
cid symmetrical tetraparesis and abolished myotatic reflexes. CSF showed 14 leu-
kocytes (85% lymphomonocytic cells)/mm?, 274 mg/dl of protein, and 59 mg/dl of
glucose. Diagnosis of WNV infection was made by serologic tests including posi-
tive neutralization test to the virus. MRI images were normal. The patient recovered
partially and was not able to walk after discharge [44]. It is probable that other
WNV infections have occurred unrecognized in Brazil, particularly in Northeast
and Pantanal regions.

OROV has caused large outbreaks of acute febrile illness with sporadic cases of
meningitis, in Amazon region and Central Plateau of Brazil as well as in Peru and
other South American countries [7, 10]. In a study performed from 2005 to 2010 in
Manaus City, in the Amazonas State, North Region of Brazil, CSF samples of 110
patients with meningoencephalitis were submitted to RT-PCR in order to identify
infecting viruses. OROV was found in three CSF samples. Patients were a 20-year-
old agricultural worker man, a 54-year-old fisherman man, and a 37-year-old
domestic worker woman. All patients referred headache; one patient had dizziness,
cloud vision, and Romberg sign; the second had fever, chills, and malaise; and the
third had nausea, vomiting, and paraplegia. CSFs showed 6, 134, and 533 lympho-
cytic cells/fmm?; 40, 107, and 136 mg/dl of protein; and 40, 50, and 107 mg/dl of
glucose, respectively. All patients survived after hospitalization. Interestingly, two
of these patients had other diseases affecting the CNS or immune system; the first
had neurocysticercosis and the last had AIDS [29].

A summary of reported infections of the central nervous system (CNS) caused
by arboviruses in Brazil is shown in Table 15.1.
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Table 15.1 Infections of the central nervous system (CNS) caused by arboviruses in Brazil

Arbovirus Family, genera Vector Disease Remarks
Dengue Flaviviridae, Aedes Acute febrile illness | Infection of CNS
Flavivirus aegypti and encephalopathy | related to serotypes,
in 0.5-6.2% [28] 1,2, and 3 [30, 31]
Zika Flaviviridae, Aedes Acute febrile illness, | Infection of CNS in
Flavivirus aegypti congenital and a child and in an
acquired infections immune-depressed
of the CNS [24, 26] | patient [27]
Rocio Flaviviridae, Culex Encephalitis with Two cases of
Flavivirus mosquitoes | 10% lethality [40] encephalitis in AIDS
patients
Saint Louis Flaviviridae, Culex Acute febrile illness | Small outbreak of
encephalitis | Flavivirus mosquitoes | and encephalitis meningoencephalitis
specially in elderly in the middle of a
with 5-15% lethality | dengue outbreak [38]
[5]
‘West Nile Flaviviridae, Culex Encephalitis One case of
Flavivirus mosquitoes encephalitis reported
in Brazil [44]
Chikungunya | Togaviridae, Aedes Acute febrile illness | Three cases of
Alphavirus aegypti and seldomly encephalitis reported
encephalopathy in Brazil [34, 35]
Oropouche Peribunyaviridae, | Culicoides | Acute febrile illness | Three cases of
Orthobunyavirus | paraensis | and eventually meningoencephalitis
[11] meningoencephalitis | reported in Manaus

[7]

City, two patients
had AIDS or
neurocysticercosis
[29]

Cases of encephalitis by DENYV, ZIKYV, and other flaviviruses show a central pat-
tern affecting neurons in the substantia nigra nucleus, thalamus, cerebellum, and
cerebral cortex, correlating with the neuroradiological findings in MRI, as shown in
Fig. 15.1 [45, 46]. These infections, particularly in immunodeficient individuals can
extend to other areas of the brain. CHIKYV, an Alphavirus, also produces encephali-
tis affecting the white matter in nuclei of the base and brainstem, and it can extend
to the internal capsule and the cerebellum, as shown in Fig. 15.1.

As final remarks on arboviruses producing infection of the CNS:

— There is no specific antiviral treatment for arboviruses that cause meningoen-
cephalitis. The treatment seeks to reduce cerebral edema by avoiding excessive
hydration and eventually using corticosteroids, in addition to providing support-

ive care.

— It is probable that serological diagnosis of ZIKV, ROCYV, and SLEV infections
may be confused with dengue due to cross-reactivity with this virus.

— Our data suggest that CNS invasion by ZIKV, ROCV, OROV, and probably other
arboviruses could be facilitated by immunodeficiency or by prior damage of the
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Fig. 15.1 (a) Magnetic resonance imaging (MRI) of a case of dengue encephalitis showing small
areas of hyperintensity on T2/fluid attenuation inversion recovery (FLAIR), bilaterally, on the
internal capsule (adapted of Queiroz et al. [31]); (b) MRI of a case of chikungunya encephalitis
showing multiple supratentorial FLAIR hyperintense foci (arrowheads) distributed randomly in
the white matter (adapted of Pereira et al. [34])

BBB. Arboviruses should be considered and tested in differential diagnosis of
patients with CNS infections that have underlying diseases such as immunodefi-
ciency or by prior neurologic pathologies.
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